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TITLE OF THE INVENTION 

CYCLIC AMIDINE ANALOGS AS INHIBITORS OF NITRIC OXIDE 
SYNTHASE 

5 BACKGROUND OF THE INVENTION 

This application is directed to inhibitors of Nitric oxide 
synthase, and in particular cyclic amidines. 

10 Nitric Oxide in Biology. 

The emergence of nitric oxide (NO), a reactive, inorganic 
radical gas as a molecule contributing to important physiological and 
pathological processes is one of the major biological revelations of recent 

IS times. This molecule is produced under a variety of physiological and 
pathological conditions by cells mediating vital biological functions. 
Examples include endothelial cells lining the blood vessels; nitric oxide 
derived from these cells relaxes smooth muscle and regulates blood 
pressure and has significant effects on the function of circulating blood 

20 cells such as platelets and neutrophils as well as on smooth muscle, bom 
of the blood vessels and also of other organs such as the airways. In the 
brain and elsewhere nitric oxide serves as a neurotransmitter in non- 
adrenergic non-cholinergic neurons. In these instances nitric oxide 
appears to be produced in small amounts on an intermittent basis in 

25 response to various endogenous molecular signals. In the immune 
system nitric oxide can be synthesized in much larger amounts on a 
protracted basis. Its production is induced by exogenous or endogenous 
inflammatory stimuli, notably endotoxin and cytokines elaborated by 
cells of the host defense system in response to infectious and 

30 inflammatory stimuli. This induced production results in prolonged nitric 
oxide release which contributes both to host defense processes such as 
the killing of bacteria and viruses as well as pathology associated with 
acute and chronic inflammation in a wide variety of diseases. The 
discovery that nitric oxide production is mediated by a unique series of 

35 three closely related enzymes, named nitric oxide synthases, which utilize 



WO 96/14844 



PCT/US9S/14812 



-2- 

the amino acid arginine and molecular oxygen as co-substrates has 
provided an understanding of the biochemistry of this molecule and 
provides distinct pharmacological targets for the inhibition of the 
synthesis of this mediator, which should provide significant beneficial 
5 effects in a wide variety of diseases. 

Nitric Qaidfi Synthases 

Nitric oxide and L-citrulline are formed from L-arginine via 
1 0 the dioxygenase activity of specific nitric oxide synthases (NOSs) in 
mammalian cells. In this reaction, L-arginine, 02 and NADPH are 
cosubstrates while FMN, FAD and tetrahydrobiopterin are cofactors. 
NOSs fall into two distinct classes, constitutive NOS (cNOS) and 
inducible NOS (iNOS) . Two constitutive NOSs have been identified. 
15 They are: 

(i) a constitutive, Ca++/calmodulin dependent enzyme, located 
in the endothelium (ecNOS or NOS 3), that releases NO in 
response to receptor or physical stimulation, 

(ii) a constitutive, Ca ++ /calmodulin dependent enzyme, located 
in the brain (ncNOS or NOS 1) and elsewhere, that releases 
NO in response to receptor or physical stimulation, 

The third isoform identified is inducible NOS (iNOS or NOS 2): 

(iii) a Ca++ independent enzyme which is induced after 
activation of vascular smooth muscle, macrophages, 
endothelial cells, and a large number of other cells by 
endotoxin and cytokines. Once expressed, this inducible NO 
synthase produces NO in relatively large amounts for long 
periods of time. 

Spectral studies of both the mouse macrophage iNOS and rat 
brain ncNOS have shown that these enzymes (which has been classified 
as P-450-like enzymes from their CO-difference spectra) contain a heme 
moiety. The structural similarity between NOS and the P- 
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450/flavoprotein complex suggests that the NOS reaction mechanism 
may be similar to P-450 hydroxylation and/or peroxidation. This 
indicates that NOS belongs to a class of flavohemeproteins which contain 
both heme and flavin binding regions within a single protein in contrast 
5 to the multiprotein NADPH oxidase or Cytochrome P-450/NADPH Cyt c 
reductase complexes. 

Distinct Functions of NO Produced hy rnffor^nf Njjj tr j r 
Oxide Synthases 

10 The NO released by the constitutive enzymes (NOS 1 and 

NOS 3) acts as an autocoid mediating a number of physiological 
responses. Two distinct cDNAs accounting for the activity of NOS 1 and 
NOS 3 in man have been cloned, one for NOS 1 (Nakane et. al, FEBS 
Letters, 316, 175-182, 1993) which is present in the brain and a number 
15 of peripheral tissues, the other for an enzyme present in endothelium 
(NOS 3) (Marsden et. al, FEBS Utters, 307, 287-293, 1992). This latter 
enzyme is critical for production of NO to maintain vasorelaxation. A 
second class of enzyme, iNOS or NOS 2, has been cloned from human 
liver (Geller et. al, PNAS, 90, 3491-5, 1993), and identified in more than 

20 a dozen other cells and tissues, including smooth muscle cells, 

chondrocytes, the kidney and airways. As with its counterpart from the 
murine macrophage, this enzyme is induced upon exposure to cytokines 
such as gamma interferon (IFN-y), interleukin-lp (IL-lp), tumor necrosis 
factor (TNF-a) and LPS (lipopolysaccharide). Once induced, iNOS 

25 expression continues over a prolonged period of time. The enzyme does 
not require exogenous calmodulin for activity. 

Endothelium derived relaxation factor (EDRF) has been 
shown to be produced by NOS 3 (Moncada et. al, Pharmacol Reviews, 
43, 109-142, 1991). Studies with substrate analog inhibitors of NOS 

30 have shown a role for NO in regulating blood pressure in animals and 
blood flow in man, a function attributed to NOS 3. NO has also been 
shown to be an effector of the cytotoxic effects of activated macrophages 
(Nathan, FASEB J., 6, 3051-64, 1992) for fighting tumour cells and 
invading microorganisms (Wright et al., Card. Res., 26 ,48-57, 1992 and 
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Moncada et al., Pharmacological Review, 43, 109-142, 1991). It also 
appears that the adverse effects of excess NO production, in particular 
pathological vasodilation and tissue damage, may result largely from the 
effects of NO synthesized by the NOS 2. 
5 NO generated by NOS 2 has been implicated in the 

pathogenesis of inflammatory diseases. In experimental animals 
hypotension induced by IPS or TNF-a can be reversed by NOS 
inhibitors and reinitiated by L-arginine (Kilbourn et. al, PNAS, 87, 3629- 
32, 1990). Conditions which lead to cytokine-induced hypotension 

10 include septic shock, hemodialysis (Beasley and Brenner, Kidney Int., 42, 
Suppl., 38, S96-S100, 1992) and IL-2 therapy in cancer patients (Hibbs 
et. al, J. Clin. Invest., 89, 867-77, 1992). NOS 2 is implicated in these 
responses, and thus the possibility exists that a NOS inhibitor would be 
effective in ameliorating cytokine-induced hypotension. Recent studies 

15 in animal models have suggested a role for NO in the pathogenesis of 
inflammation and pain and NOS inhibitors have been shown to have 
beneficial effects on some aspects of the inflammation and tissue changes 
seen in models of inflammatory bowel disease, (Miller et. al, J. 
Pharmacol. Exp. Ther., 264, 11-16, 1990) and cerebral ischemia and 

20 arthritis (Ialenti et. al, Br. J. Pharmacol ., 110, 701-6, 1993; Stevanovic- 
Racic etal, Arth. & Rheum., 37, 1062-9, 1994). Moreover transgenic 
mice deficient in NOS 1 show diminished cerebral ischemia (Huang et. 
al, Science, 265, 1883-5, 1994). 

Further conditions where there is an advantage in inhibiting 

25 NO production from L-arginine include therapy with cytokines such as 
TNF, IL-1 and IL-2 or therapy with cytokine-inducing agents, for 
example 5, 6-dimethylxanthenone acetic acid, and as an adjuvant to short 
term immunosuppression in transplant therapy. In addition, compounds 
which inhibit NO synthesis may be of use in reducing the NO 

30 concentration in patients suffering from inflammatory conditions in 
which an excess of NO contributes to the pathophysiology of the 
condition, for example adult respiratory distress syndrome (ARDS) and 
myocarditis. 
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There is also evidence that an NO synthase enzyme may be 
involved in the degeneration of cartilage which takes place in 
autoimmune and/or inflammatory conditions such as arthritis, rheumatoid 
arthritis, chronic bowel disease and systemic lupus erythematosis (SLE). 
5 It is also thought that an NO synthase enzyme may be involved in 
insulin- dependent diabetes mellitus. Therefore, a yet further aspect of 
the present invention provides cyclic amidine derivatives or salts thereof 
in the manufacture of a medicament for use in cytokine or cytokine- 
inducing therapy, as an adjuvant to short term immunosuppression in 
10 transplant therapy, for the treatment of patients suffering from 

inflammatory conditions in which an excess of NO contributes to the 
pathophysiology of the condition. 

summary of THF TNWTrtT 

15 

The invention disclosed herein encompasses compounds of 

Formula I 




and phannaceutically acceptable salts thereof which have been found 
useful in the treatment of nitric oxide synthase mediated diseases and 
disorders, including neurodegenerative disorders, disorders of 
gastrointestinal motility and inflammation. These diseases and disorders 
include hypotension, septic shock, toxic shock syndrome, hemodialysis 
related conditions, tuberculosis, cancer, IL-2 therapy such as in cancer 
patients, cachexia, immunosuppression such as in transplant therapy, 
autoimmune and/or inflammatory indications including sunburn, eczema 
or psoriasis and respiratory conditions such as bronchitis, asthma, 
oxidant-induced lung injury and acute respiratory distress (ARDS), 
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glomemlonephritis, restenosis, inflammatory sequelae of viral infections, 
myocarditis, heart failure, atherosclerosis, osteoarthritis, rheumatoid 
arthritis, septic arthritis, chronic or inflammatory bowel disease, 
ulcerative colitis, Crohn's disease, systemic lupus erythematosis (SLE), 
5 ocular conditions such as ocular hypertension, retinitis and uveitis, type 1 
diabetes, insulin-dependent diabetes mellitus and cystic fibrosis. 
Compounds of Formula I are also usful in the treatment of hypoxia, 
hyperbaric oxygen convulsions and toxicity, dementia, Alzheimer's 
disease, Sydenham's chorea, Parkinson's disease, Huntington's disease, 

10 amyotrophic lateral sclerosis (ALS), multiple sclerosis, epilepsy, 
Korsakoff s disease, imbecility related to cerebral vessel disorder, NO 
mediated cerebral trauma and related sequelae, ischemic brain edema 
(stroke), sleeping disorders, eating disorders such as anorexia, 
schizophrenia, depression, pre-menstrual syndrome (PMS), urinary 

15 incontinence, anxiety, drug and alcohol addiction, pain, migraine, emesis, 
immune complex disease, as immunosupressive agents, acute allograft 
rejection, infections caused by invasive microorganisms which produce 
NO and for preventing or reversing tolerance to opiates and diazepines. 



20 DETAILED DESCRIPTION OF THE INVENTION 



The invention disclosed herein encompasses compounds of 



Formula I 




25 



I 



and pharmaceutical^ acceptable salts thereof wherein 
side a or side b has a double bond, 
nisO, 1,2, 3 or 4 



30 X is selected from CH2, 0, S and NH, 
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Rl, R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogen, 

(b) Ci-i2alkoxy, 

5 (c) Cl-i2alkylS(0)k wherein k is 0, 1 or 2, 

(d) mono Ci-i2alkylamino, 

(e) (di-Ci-i2alkyl)amino, 

(f) Ci-i2alkylcarbonyl, 

(g) CM2alkyl, 
!0 (h) C2-12alkenyl, 

(i) C2-12alkynyl, 
(j) C5-10cycloalkyl, 

(k) hetero C5-10cycloalkyl, wherein the hetero Cs-iocycloalkyl 
optionally contains 1 or 2 heteroatoms selected from S, O 
15 andN, 

G) aryl, selected from phenyl or naphthyl, 
(m) heteroaryl, wherein heteroaryl is selected from the group 
consisting of: 

(I) benzimidazolyl, 
20 (2) benzofuranyl, 

(3) benzooxazolyl, 

(4) furanyl, 

(5) imidazolyl, 

(6) indolyl, 

■ 5 (7) isooxazolyl, 

(8) isothiazolyl, 

(9) oxadiazolyl, 

(10) oxazolyl, 

(II) pyrazinyl, 
0 (12) pyrazolyl, 

(13) pyridyl, 

(14) pyrimidyl, 

(15) pyrrolyl, 
(17) isoquinolyl, 
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(18) 


tetrazolyl, 


(19) 


thiadiazolyl, 


(20) 


thiazolyl, 


(21) 


thienyl, and 


(22) 


triazolyl, 



(n) amino, 
(o) oxo, 
(p) C(0)OH, 

(q) C(0)OR6, R6 is selected from hydrogen, phenyl, cyclohexyl 
10 orCl-6alkyl, 

each of (b) to (m) being optionally mono or di- substituted 
the substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

15 (3) -NR6R7, where R7 is selected from hydrogen, phenyl, 

cyclohexyl or Ci-6alkyl, 

(4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6, 

20 (7) halo selected from F, CI, Br and I, 

(8)-C(=NR6)-NHR7, 

(9>S-C(=NR6)-NHR7, 
or when two members of the group Rl, R2 and R3, including the 

optional substituents present thereon, reside on the same 
25 atom of Formula I, or two of the group Rl , R2 and R3, 

including the optional substituents present thereon, reside 

on adjacent atoms of Formula I, said two members may 

optionally be joined, such that together with the atoms to 

which they are attached there is formed a saturated or 
30 unsaturated monocyclic ring of 5, 6 or 7 atoms, said 

monocyclic ring optionally containing up to three hetero 

atoms selected from N, O or S, 
or when a member of the group Rl, R2 and R3 including the 

optional substituents present thereon, resides on an atom 
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adjacent to the N on which R4 resides, said member may 
optionally be joined with R4, such that together with the N 
on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
5 monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 

optionally containing up to three hetero atoms selected from 
N.OorS, 

R4, R5 and R5a are each independently selected from the group 
consisting of 
*Q (a) hydrogen, 

(b) linear and branched Ci-i2alkyl, optionally mono or di- 
substituted, the substituents being independently selected 
from 

(1) hydroxy, 

15 (2) carboxy, 

(3) -NR6R7, 

(4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0) k R6, 

20 (7) halo selected from F, CI, Br and I, 

(8) phenyl, optionally mono or di-substituted with 
hydroxy, halo, Cl-4alkyl, or Ci-4alkoxy, 
(c) -C(0)NR8R9, where Rg and R9 are each independently 
hydrogen, phenyl, cyclohexyl or Ci-6alkyl, said Ci-6alkyl 
25 optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NR10R1 1, wherein Rio and Ri 1 are each 

30 independently H, Ci-6alkyl, phenyl or benzyl, 

(5) -OR10, 

(6) -C(0)ORio, 

(7) -S(0) m Rio, where m is 0, 1 or 2, 

(8) halo selected from F, Q, Br and I, 
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(9) optionally substituted aryl wherein aryl and aryl 

substituents are as defined above, 

(10) optionally substituted heteroaryl wherein heteroaryl and 

heteroaryl substituents are as defined above, 
5 (1 1) optionally substituted C5-10cycloalkyl wherein 

cycloalkyl and cycloalkyl substituents are as defined 
above, 

(12) optionally substituted hetero C5-l()cycloalkyl wherein 
hetefo cycloalkyl and hetero cycloalkyl substituents 
10 are as defined above, 

(d) -C(S)NR8R9, 

(e) -C(0)R9, 

(f) -C(0)OR9, 

(g) -C(S)R 9 , 
15 (h) phenyl, 

(i) cyclohexyl, 

provided that R4 is present only when side a is a single bond and R5a is 
present only when side b is a single bond. 

Within this embodiment is the genus wherein 
20 n is 0, 1,2, 3 or 4, 

X is selected from CH2, 0, S and NH, 

Rl, R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogen, 
25 (b) Cl-6alkoxy, 

(c) Ci-6alkyl amino, 

(d) Ci-6alkylcarbonyl, 

(e) Cl-6alkyl, 

(f) C2-6alkenyl, 

30 (g) C5, C6orC7cycloalkyl, 

(h) hetero C5 or C6 cycloalkyl, wherein the hetero C5 or C6 
cycloalkyl optionally contains 1 heteroatom selected from S, 
OandN, 

(i) aryl, selected from phenyl or naphthyl, 



(j) heteroaryl, wherein heteroaryl is selected from the group 
consisting of: 

(1) furanyl, 

(2) pyrazinyl, 

(3) pyrazolyl, 

(4) pyridyl, 

(5) pyrimidyl, 

(6) thiazolyl, 

(7) thienyl, and 

(8) triazolyl, 

each of (b) to (j) being optionally mono or di- substituted the 
substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, where R6 and R7 are each independently 

hydrogen, phenyl or Ci-4alkyl, 

(4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6, where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I, 

r when two members of the group R], R 2 and R3 including the 
optional substituents present thereon, reside on the same 
atom of Formula I, or two of the group Ri , R2 and R3, 
including the optional substituents present thereon, reside 
on adjacent atoms of Formula I, said two members may 
optionally be joined, such that together with the atoms to 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 

when a member of the group Ri, R2 and R3 including the 
optional substituents present thereon, resides on an atom 
adjacent to the N on which R4 resides, said member may 
optionally be joined with R4, such that together with the N 
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on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionally containing up to three hetero atoms selected from 
5 N.OorS, 

R4, R5 and R5a are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) linear and branched C 1 -6alkyl, optionally mono or di- 
10 substituted, the substituents being independently selected 

from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, 
15 (4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6» where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I, 

(c) -C(0)NR8Rq, where Rg and R9 are each independently 
20 hydrogen, phenyl, cyclohexyl or C l-4alkyl, said C l-4alkyl 

optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

25 (4) -NR10R1 1, wherein Rio and Ri 1 are each 

independently H, Ci-4alkyl, phenyl or benzyl, 

(5) -ORlO, 

(6) -C(0)ORio, 

(7) -S(0) m Rio, where m is 0, 1 or 2, 
30 (8) halo selected from F, CI, Br and I, 

(9 optionally substituted aryl wherein the aryl and 

substituents are as defined above, 
(10) optionally substituted heteroaryl wherein the heteroaryl 

and substituents are as defined above, 
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(1 1) optionally substituted C5 or C6 cycloalkyl wherein the 

cycloalkyl and substituents are as defined above, 

(12) optionally substituted hetero C5 or C6 cycloalkyl 

wherein the hetero cycloalkyl and substituents are as 
5 defined above, 

(d) -C(S)NRgR9, 

(e) -C(0)R9, 

(f) -C(0)OR9, 

(g) -C(S)R 9 , 
10 (h) phenyl, 

(i) cyclohexyl, 
such that R4 is present only when side a is a single bond and side b is a 
double bond. 



1 5 Within this genus is the class of compounds of the formulae 

R 4 or R4 



wherein 

X is selected from CH2, S and NH, 

Rl, R2 and R3 are each independently selected from the group consisting 
20 of 

(a) hydrogen, 

(b) linear and branched C l -4alkyl, said C l-4alkyl 

being optionally mono or di- substituted the substituents 
being independently selected from 
25 (1) carboxy, 

(2) -NR6R7, wherein R6 and R7 are each independently 

hydrogen or Cl_3alkyl, 

(3) -OR6, 

(4) -C(0)OR 6 , 

30 (5) -S(0)kR6, where k is 0, 1 or 2, 
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R4 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or Cl-4alkyl, said Cl- 
4alkyl optionally substituted by 

5 (1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRl 1, wherein RlO and Ri 1 are each 

independently 
10 Cl-3alkyl, 

(5) -OR10, 

(6) -C(O)ORl0, 

(7) -S(O) m Rl0. where m is 1 or 2, 

(8) halo selected from F, CI, Br and I, 
15 (c) -C(S)NHR9; 

(d) Ci-3alkyl; 
R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR 9 , 
20 (c) -C(S)NR8R9. 

(d) Ci-3alkyl. 

As appreciated by those of skill in the art the additional 
carbon members of the Formula I ring, "( ) n " and definitions "CH2" and 
"NH" under X, provide available positions for the substituents Rl, R2 or 
25 R3. 

When any variable (e.g. Rl, R2, R3, R4, R5. R6. R7, R8» 
Ra, k, n, p etc.) occurs in any position of a compound of Formula I, its 
definition on each occurrence is independent of its definition at every 
other occurrence. 

30 Accordingly, in one aspect the invention disclosed herein 

encompasses compounds of Formula I 
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Rj .Rs i 



N 

R 4 R 



5a 



and pharmaceutically acceptable salts thereof wherein 
5 side a or side b has a double bond, 
nisO, 1,2,3 or 4 

X is selected from CH2, CR12R13, 0, S(0) m , NH, and -N(Ci-6alkyl)-, 
mis 0,1 or 2, 

Rl . R2, R3, Rl2 and R13 are each independently selected from the group 
10 consisting of 

(a) hydrogen, 

(b) CM2alkoxy, 

(c) CM2alkylS(0)k wherein k is 0, 1 or 2, 

(d) mono Ci-i2alkylamino, 
15 (e) (di-Ci-i2alkyl)amino, 

(f) Cl-i2alkylcarbonyl, 

(g) Ci-i2alkyl, 

(h) C2-12alkenyl, 
0) C2-12alkynyl, 

50 (i) C5-l0cycloalkyI, 

(k) hetero C5-10cycloalkyl,wherein the hetero Cs-iocycloalkyl 
optionally contains 1 or 2 heteroatoms selected from S, O 
andN, 

(1) aryl, selected from phenyl or naphthyl, 
5 (m) heteroaryl, wherein heteroaryl is selected from the group 

consisting of: 

(1) benzimidazolyl, 

(2) benzofuranyl, 

(3) benzooxazolyl, 
0 (4) furanyl, 

(5) imidazolyl, 
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(6) indolyl, 

(7) isooxazolyl, 

(8) isothiazolyl, 

(9) oxadiazolyl, 
5 (10) oxazolyl, 

(11) pyrazinyl, 

(12) pyrazolyl, 

(13) pyridyl, 

(14) pyrimidyl, 
10 (15) pyrrolyl, 

(17) isoquinolyl, 

(18) tetrazolyl, 

(19) thiadiazolyl, 

(20) thiazolyl, 
15 (21) thienyl,and 

(22) triazolyl, 

(n) amino, 
(o) oxo, 
(p) C(0)OH, 

20 (q) C(0)OR6, R6 is selected from hydrogen, phenyl, cyclohexyl 

orCl-6alkyl, 

each of (b) to (m) being optionally mono or di- substituted 

the substituents being independently selected from 
(1) hydroxy, 
25 (2) carboxy, 

(3) -NR6R7, where R7 is selected from hydrogen, phenyl, 

cyclohexyl or Ci-6alkyl, 

(4) -OR6, 

(5) -C(0)OR6, 
30 (6) -S(0)kR6, 

(7) halo selected from F, Ci, Br and I, 

(8) -C(=NR6)-NHR7, 

(9) -S-C(=NR6)-NHR7, 
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or when two members of the group Ri, R2 and R3 including the 
optional substituents present thereon, reside on the same 
carbon atom of Formula I, or two of the group R 1 , R2 and 
R3, including the optional substituents present thereon, 
5 reside on adjacent atoms of Formula I, said two members 

may optionally be joined, such that together with the atom to 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
monocyclic ring optionally containing up to three hetero 

10 atoms selected from N, O or S, 

or when a member of the group Rl, R2 and R3 including the 
optional substituents present thereon, resides on an atom 
adjacent to the N on which R4 resides, said member may 
optionally be joined with R4, such that together with the N 

15 on which R4 resides and the carbon on which said member 

resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionally containing up to three hetero atoms selected from 
N.OorS, 

20 with the proviso that one of R12 and R13 is other than hydrogen, 
R4. R5 and R5a are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) linear and branched Ci_i2alkyl, optionally mono or di- 
25 substituted, the substituents being independently selected 

from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, 
30 (4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6, 

(7) halo selected from F, CI, Br and I, 
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(8) phenyl, optionally mono or di-substituted with 
hydroxy, halo, CMalkyl, or Ci-4alkoxy, 
(c) -C(0)NR8R9. where R8 and Ro are each independently 
hydrogen, phenyl, cyclohexyl or Cl-6alkyl, said Ci-6alkyl 
5 optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRl 1, wherein Rio and Ri i are each 

10 independently H, Ci-6alkyl, phenyl or benzyl, 

(5) -ORio, 

(6) -C(O)ORl0, 

(7) -S(O) m Rl0, where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 

15 (9) optionally substituted aryl wherein aryl and aryl 

substituents are as defined above, 

(10) optionally substituted heteroaryl wherein heteroaryl and 

heteroaryl substituents are as defined above, 

(1 1) optionally substituted C5-10cycloalkyl wherein 

2 0 cycloalkyl and cycloalkyl substituents are as defined 

above, 

(12) optionally substituted hetero C5-iocycloalkyl wherein 

hetero cycloalkyl and hetero cycloalkyl substituents 
are as defined above, 
25 (d) -C(S)NR8R 9 , 

(e) -COR9, 

(f) -C(0)OR9, 

(g) -C(S)R9, 

(h) phenyl, 

30 (i) cyclohexyl, 

provided that R4 is present only when side a is a single bond and R5a is 
present only when side b is a single bond. 

Within this embodiment is the genus wherein 
m is 0, 1 or 2, 
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nisO, 1,2, 3 or 4, 

X is selected from CH2, CR12R13, O, S(0)m NH, and -N(Ci-6alkyl)-, 
Rl.R2,R3,Rl2 and R13 are each independently selected from the 
group consisting of 
5 (a) hydrogen, 

(b) Ci-6alkoxy, 

(c) Ci-oalkylamino, 

(d) Ci-6alkylcarbonyl, 

(e) Ci-6alkyl, 

0 (0 C2-6alkenyl, 

(g) C5iC6orC7cycloalkyl, 

(h) hetero C5 or C6 cycloalkyl.wherein the hetero C5 or C6 
cycloalkyl optionally contains 1 heteroatom selected from S 
O and N, 

> (i) aryl, selected from phenyl or naphthyl, 

(j) heteroaryl, wherein heteroaryl is selected from the group 
consisting of: 

(1) furanyl, 

(2) pyrazinyl, 

(3) pyrazolyl, 

(4) pyridyl, 

(5) pyrimidyl, 

(6) thiazolyl, 

(7) thienyl, and 

(8) triazolyl, 

each of (b) to (j) being optionally mono or di- substituted the 
substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, where R6 and R7 are each independently 

hydrogen, phenyl or CMalkyl, 

(4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6, where k is 0, 1 or 2, 
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(7) halo selected from F, CI, Br and I, 
or when two members of the group R 1, R2 and R3 including the 
optional substituents present thereon, reside on the same 
atom of Formula I, or two of the group Rl , R2 and R3, 
5 including the optional substituents present thereon, reside on 

adjacent atoms of Formula I, said two members may 
optionally be joined, such that together with the atoms to 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
10 monocyclic ring optionally containing up to three hetero 

atoms selected from N, O or S, 
or when a member of the group Rl , R2 and R3 including the 
optional substituents present thereon, resides on an atom 
adjacent to the N on which R4 resides, said member may 
15 optionally be joined with R4, such that together with the N 

on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionally containing up to three hetero atoms selected from 
20 N.OorS, 

with the proviso that one of R12 and R13 is other than hydrogen, 
R4, R5 and R5a are each independently selected from the group 
consisting of 

(a) hydrogen, 

25 (b) linear and branched Cl-6alkyl, optionally mono or di- 

substituted, the substituents being independently selected 
from 

(1) hydroxy, 

(2) carboxy, 

30 (3)-NR6R7, 

(4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6. where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I, 
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(c) -C(0)NR8R9. where Rg and R9 are each independently 
hydrogen, phenyl, cyclohexyl or Cl-4alkyl, said Ci-4alkyl 
optionally substituted by 
(1) hydroxy, 
5 (2) amino, 

(3) carboxy, 

(4) -NR10R1 1. wherein Rio and Ri 1 are each 

independently H, Ci-4alkyl, phenyl or benzyl, 

(5) -OR10, 

W (6)-C(0)ORia 

(7) -S(0) m Rio, where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 

(9) optionally substituted aryl wherein the aryl and 

substituents are as defined above, 
15 < 10 ) optionally substituted heteroaryl wherein the heteroaryl 

and substituents are as defined above, 

(1 1) optionally substituted C5 or C6 cycloalkyl wherein the 

cycloalkyl and substituents are as defined above, 

(12) optionally substituted hetero C5 or C6 cycloalkyl 

20 wherein the hetero cycloalkyl and substituents are as 

defined above, 

(d) -C(S)NRgR9. 

(e) -COR9, 

(f) -C(0)ORq, 
25 (g) -C(S)R 9 , 

(h) phenyl, 

(i) cyclohexyl, 

such that R4 is present only when side a is a single bond and side b is a 
double bond. 

30 

Within this genus is the class of compounds of the formulae 
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R 4 or R 4 

wherein 

X is selected from CR12R13. S(0) m and -N(Ci-4alkyl)-, 
Rl,R2, R3, Rl2 and Rl3 are each selected from the group consisting of 
5 (a) hydrogen, 

(b) hydroxy, 

(c) linear and branched Cl-4alkyl or linear and branched C\- 
4alkoxy, wherein said Ci-4alkyl or Ci-4alkoxy is optionally 
mono or di- substituted the substituents being independently 

10 selected from 

(1) carboxy, 

(2) -NR6R7, wherein R6 and R7 are each 

independently hydrogen or Cl-3alkyl, 

(3) -OR6, 

15 (4)-C(0)OR6, 

(5) -S(0)kR6, where k is 0, 1 or 2, 
with the proviso that one of R12 and R13 is other than hydrogen, 
R4 is selected from the group consisting of 
(a) hydrogen, 

20 (b) -C(O)NHR0, where Ro is hydrogen or Cl-4alkyl, said Cl- 

4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

25 (4) -NRioRl 1, wherein Rio and R 1 1 are each 

independently 
Ci-3alkyl, 

(5) -ORio, 

(6) -C(O)ORi0. 

30 (7) -S(O) m Rl0. where m is 1 or 2, 

(8) halo selected from F, CI, Br and I, 
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(c) -C(S)NHRq; 

(d) Cl-3alkyl; 



5 



R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(O)NHR0, 



(c) -C(S)NRgR9. 

(d) Ci-3alkyl. 

In an alternative embodiment the invnetion is directed to 
1 0 compounds of the formulae 



Xis -N(Ci-3alkylK 

15 Ri, R2 and R3 are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) linear and branched Cl-4alkyl, said Ci-4alkyl 

bdl « optionally mono or di- substituted the substituents 
20 being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or Ci-3alkyl, 

(3) -C(0)OR6, and 

25 (4) -S(0)kR6, where k is 1 or 2, 

(c) hydroxy, 

R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Cl-3alkyl; 

30 R5 is selected from the group consisting of 




X. 



wherein 
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(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C l -4alkyl, said 
Ci-4alkyl optionally substituted by 

(1) hydroxy, 
5 (2) amino, 

(3) carboxy, 

(4) -NRioRl 1, wherein Rio and Ri 1 are each 

independently 
Ci-3alkyl, 
10 (5) -OR10, 

(6) -C(0)ORio, 

(7) -SR10, and 

(8) -S(O) m Rl0. where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 
15 (c) -C(S)NR8R9. 

(d) Cl-3alkyl; 

Within this embodiment is the genus of compound of the 

formulae 



20 R 4 



or 



wherein 

Xis -N(Cl-3alkyl)-, 
Rl and R2 are each selected from 
25 hydrogen or linear and branched C 1 -4alky 1, said C 1 -4alkyl 

being optionally mono or di- substituted the substituents 
being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 
30 hydrogen or Cl -3alkyl, 
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15 



(3) -C(0)OR6, and 

(4) -S(0)kR6, where k is 1 or 2, 
is selected from the group consisting of 

(a) hydrogen, 

(b) Ci-3alkyl; 

is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where Ro is hydrogen or CMalkyl, said 
C ] -4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRl l, wherein Rio and Ri i are each 

independently Ci-3alkyl, 

(5) -ORio, 

(6) -C(0)ORio, 

(7) -SRio, and 

(8) -S(0) m Rio, where m is 1 or 2, 

(9) halo selected from F, CI, Br and I 

(c) -CSNRgRo. 

(d) Ci-3alkyl. 

Within this genus are the compounds of the formulae 



hydrogen, hydroxy or linear and branched Ci^alkyl, said 
Ci-4alkyl 




25 wherein 



Xis-N(Ci. 3 alkylK 

Rl is selected from the group consisting of 
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being optionally mono or di- substituted the substituents 
being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R.6 and R7 are each independently 
5 hydrogen or C l .3 alkyl, 

(3) -C(0)OR6, and 

(4) -S(0)kR6t where k is 1 or 2, 
R2 is linear and branched Ci-4alkyl, 

R4 is selected from the group consisting of 
10 (a) hydrogen, 

(b) Cl-3alkyl; 
R5 is selected from the group consisting of 
. (a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C 1 -4alkyl, said 
15 Ci-4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NR10R1 1, wherein Rio and Ri 1 are each 
20 independently 

Ci-3alkyl, 

(5) -OR10, 

(6) -C(0)ORio, 

(7) -SR10, and 

25 (8) -S(O) m Rl0, where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 

(c) -CSNR8R9. 

(d) Ci-3alkyl. 
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Exemplifying the invention are the compounds of Examples 
1 through 161. 

As appreciated by those of skill in the art, compounds of 
Formula I include those wherein there is a double bond at side a or b such 
as those shown in Formula la or lb or tautomeric forms thereof: 



R4 



la 



lb 



As also appreciated by those of skill in the art, compounds 
of Formula 1 wherein or when two members of the group Ri, R 2 and R3 

are joined together to form a ring are intended to include such formulae 
as: 
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10 



15 



wherein p is 0, 1, or 2 and wherein the second ring may contain up to 
three hetero atoms selected from N, O or S. 



Similarly, compounds of Formula I wherein a member of the 



group Ri, R2 and R3 resides on an atom adjacent to the N on which R4 
resides and forms a ring therewith may be illustrated by: 



wherein p is 0, 1, or 2 and wherein the second ring may contain up to 
three hetero atoms selected from N, O or S 

In one preferred aspect the compounds of the invention are 
of the formulae 



wherein 

X is selected from CH2, NH and S, 

Rl, R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogen, 

(b) linear and branched Cl-6alkyl, wherein said Ci-6alkyl 



is optionally mono or di- substituted the substituents being 
independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or Cl-3alkyl, 
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(3) -OR6, 

(4) -C(0)OR6, 

(5) -S(0)kR6. where k is 0, 1 or 2, 
(c) hydroxy, 

5 (d) Cl-6alkoxy; 

R4 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or Cl_3alkyl, said Cl- 
3alkyl optionally substituted by 

10 (1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRl 1, wherein RlO and Ri l are each 

independently Cl-3alkyl, 
15 (5)-ORlO. 

(6) -C(0)ORio, 

(7) -S(O) m Ri0, where m is 0, 1 or 2, 

(8) halo selected from F, Cl, Br and I, 

(c) -C(S)NHR9; 
20 (d) Cl-3alkyl; 

R5 are each independently selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, 

(c) -C(S)NR8R9- 
25 (d) -Ci-3alkyl. 

In a second preferred aspect the compounds of the invention 
have cis stereochemistry at the ring junction and are of the formula 
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wherein p is 1 or 2, and 

R3 and the ring formed by the joining of Ri and R2 are optionally mono 
or di-substituted with substituents selected from the group consisting of 
(1) hydroxy, 
5 (2) carboxy, 

(3) -NR6R7, where R6 and R7 are each selected from 

hydrogen, phenyl, cyclohexyl or Cl-6alkyl, 

(4) -OR6, 

(5) -C(0)OR6, 
10 (6) -S(0) k R6, 

(7) halo selected from F, CI, Br and I, 

(8) -C(=NR6)-NHR7, 

(9) -S-C(=NR6)-NHR 7 . 



1 5 Within this second preferred aspect are the compounds 

wherein 

R3 is selected from 

hydrogen, hydroxy or linear and branched Ci-4alkyl, said 
Ci-4alkyl, 

20 optionally mono or di- substituted the substituents being 

independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or C 1 -3alkyl, 
25 (3)-C(0)OR6, and 

(4) -S(0)kR6, where k is 1 or 2; 
R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Cl-3alkyl; 

30 R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or Ci-4alkyl, said 
Ci-4alkyl optionally substituted by 

(1) hydroxy, 
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(2) amino, 

(3) carboxy, 

(4) -NRioRl 1, wherein Rio and Rn are each 

independently 
5 Ci-3alkyl, 

(5) -ORio, 

(6) -C(0)ORio, 

(7) -SRio,and 

(8) -S(O) m Ri0, where m is 1 or 2, 
10 (9) halo selected from F, CI, Br and I, 

(c) -C(S)NRgRQ. 

(d) Ci-3alkyl. 

For purposes of this specification alkyl is defined to include 
linear, branched, and cyclic structures, with Cl-6alkyl including methyl, 
15 ethyl, propyl, 2-propyl, s- and t-butyl, butyl, pentyl, hexyl, cyclopropyl, 
cyclobutyl, cyclopentyl and cyclohexyl. Similarly, Cl-6alkoxy is 
intended to include alkoxy groups of from 1 to 6 carbon atoms of a 
straight, branched, or cyclic configuration. Examples of lower alkoxy 
groups include methoxy, ethoxy, propoxy, isopropoxy, cyclopropyloxy, 
cyclohexyloxy, and the like. Likewise, Ci-6 alkylthio is intended to 
include alkylthio groups of from 1 to 6 carbon atoms of a straight, 
branched or cyclic configuration. Examples of lower alkylthio groups 
include methylthio, propylthio, isopropylthio, cycloheptylthio, etc. By 
way of illustration, the propylthio group signifies -SCH 2 CH 2 CH3. 

Heteroaryl includes, but is not limited to furan, thiophene, 
pyrrole, isoxazole, isothiazole, pyrazole, oxazole, thiazole, imidazole 

1.2.3- oxadiazole, 1,2,3-thiadiazole, 1,2,3-triazole, 1,3,4-oxadiazole, ' 

1.3.4- thiadiazole, 1,3,4-triazole, 1,2,5-oxadiazole, 1,2,5-thiadiazole, 
pyridine, pyridazine, pyrimidine, pyrazine, 1,2,4-triazine, 1,3,5-triazine 

30 and 2,4,5-tetrazine. 

As outlined in the summary of the invention, the compounds 
of the instant invention are useful for in the treatment of a number of 
NOS implicated diseases. The implication of these diseases is well 
documented in the literature. For example, with regard to psoriasis, see 



20 



25 
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Ruzicka et. al, J. Invest Demi., 103: 397 (1994) or Kolb-Bachofen et. 
al, Lancet, 344: 139 (1994) or Bull, et al., J. Invest. Derm., 
103:435(1994); with regard to uveitis, see Mandia et. al., Invest 
Opthalmol., 35: 3673-89 (1994); with regard to type 1 diabetes, see 
5 Eisieik & Leijersfam, Diabetes & Metabolism, 20: 1 16-22 (1994) or 
Kroncke et. al., BBRC, 175: 752-8 (1991) or Welsh et. al., Endocrinol., 
129: 3167-73 (1991); with regard to septic shock, see Petros et. al, 
Lancet, 338: 1557-8 (1991),Thiemermann & Vane, Eur. J. Pharmacol., 
211: 172-82 (1992), or Evans et al., Infec. Imm., 60: 4133-9 (1992), or 

10 Schilling et. al., Intensive Care Med., 19: 221-231 (1993); with regards to 
pain, see Moore et. al, Brit. J. Pharmacol., 702: 198-202 (1991), or 
Moore et. al Brit. J. Pharmacol., 108: 296-97 (1992) or Meller et. al, 
Europ. J. Pharmacol, 214: 93-6 (1992) or Lee et. al, NeuroReport, 3: 
841-4 (1992); with regard to migraine, see Olesen et. al, TIPS, 75: 149- 

15 153 (1994); with regard to rheumatoid arthritis, see Kaurs & Halliwell, 
FEBS Letters, 350: 9-12 (1994); with regard to osteoarthritis, see Stadler 
et. al, J. Immunol, 147: 3915-20 (1991); with regard to inflammatory 
bowel disease, see Miller et. al, Lancet, 34: 465-66 (1993) or Miller et. 
al, J. Pharmacol. Exp. Ther., 264: 1 1-16 (1993); with regard to asthma, 

20 see Hamid et. al, Lancet, 342: 15 10-1 3 (1993) or Kharitonov, et. al. 
Lancet, 343: 133-5 (1994); with regard to Immune complex diseases, see 
Mulligan et. al., Br. J. Pharmacol., 707: 1159-62 (1992); with regard to 
multiple sclerosis, see Koprowski et. al, PNAS, 90: 3024-7 (1993); with 
regard to ischemic brain edema, see Nagafuji et. al, Neurosci., 147: 159- 

25 62 (1992) or Buisson et. al., Br. J. Pharmacol., 706: 766-67 (1992) or 
Trifiletti et. al, Europ. J. Pharmacol, 218: 197-8 (1992); with regard to 
toxic shock syndrome, see Zembowicz & Vane, PNAS, 89: 2051-55 
(1992); with regard to heart failure, see Winlaw et. al, Lancet, 344: 373- 
4 (1994); with regard to ulcerative colitis, see Boughton-Smith et. al, 

30 Lancet 342: 338-40 (1993); and with regard to atherosclerosis, see White 
et. al., PNAS, 91: 1044-8 (1994); with regard to glomerulonephritis, see 
Muni et. al, Br. J. Pharmcol, 112: 1-8 (1994); with regard to Paget's 
disease and osteoporosis, see Lowick et. al, J. Clin. Invest., 93: 1465-72 
( 1994); with regard to inflammatory sequelae of viral infections, see 
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Koprowski et. al, PNAS, 90: 3024-7 (1993); with regard to retinitis, see 
Goureau et. al, BBRC, 186: 854-9 (1992); with regard to oxidant induced 
lung injury, see Berisha et. al, PNAS, 91: 744-9 (1994); with regard to 
eczema, see Ruzica, et al., J. Invest. Derm., 103:395(1994); with regard 
5 to acute allograft rejection, see Devlin, J. et al., Transplantation, 58:592- 
595 (1994); and with regard to infection caused by invasive 
microorganisms which produce NO, see Chen, Y and Rosazza, J.P.N., 
Biochem. Biophys. Res. Comm., 203:1251-1258(1994). 

The pharmaceutical compositions of the present invention 
10 comprise a compound of Formula I as an active ingredient or a 
pharmaceutically acceptable salt, thereof, and may also contain a 
pharmaceutically acceptable carrier and optionally other therapeutic 
ingredients. The term "pharmaceutically acceptable salts" refers to salts 
prepared from pharmaceutically acceptable non-toxic acids or bases 
15 including inorganic bases and organic bases. Salts derived from 

inorganic acids include aluminum, ammonium, calcium, copper, ferric, 
ferrous, lithium, magnesium, manganic salts, manganous, potassium, 
sodium, zinc, and the like. Particularly preferred are the ammonium, 
calcium, magnesium, potassium, and sodium salts. Salts derived from 
20 pharmaceutically acceptable organic non-toxic bases include salts of 
primary, secondary, and tertiary amines, substituted amines including 
naturally occurring substituted amines, cyclic amines, and basic ion 
exchange resins, such as arginine, betaine, caffeine, choline, N,N_- 
mbenzylemylenediamine, diethylamine, 2-diethylaminoethanol, 2- 
25 dimethylaminoethanol, ethanolamine, emylenediamine, N- 

ethylmorpholine, N-ethylpiperidine, glucamine, glucosamine, histidine, 
hydrabamine, isopropylamine, lysine, methylglucamine, morpholine, 
piperazine, piperidine, polyamine resins, procaine, purines, theobromine, 
triethylamine, trimemylamine, tripropylamine, tromethamine, and the 
30 like. 

It will be understood that in the discussion of methods of 
treatment which follows, references to the compounds of Formula I are 
meant to also include the pharmaceutically acceptable salts. 
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The phannaceutical compositions containing the active 
ingredient may be in a form suitable for oral use, for example, as tablets, 
troches, lozenges, aqueous or oily suspensions, dispersible powders or 
granules, emulsions, hard or soft capsules, or syrups or elixirs. 
5 Compositions intended for oral use may be prepared according to any 
method known to the art for the manufacture of pharmaceutical 
compositions and such compositions may contain one or more agents 
selected from the group consisting of sweetening agents, flavoring 
agents, coloring agents and preserving agents in order to provide 
10 pharmaceuucally elegant and palatable preparations. Tablets contain the 
active ingredient in admixture with non-toxic pharmaceuucally 
acceptable excipients which are suitable for the manufacture of tablets. 
These excipients may be for example, inert diluents, such as calcium 
carbonate, sodium carbonate, lactose, calcium phosphate or sodium 
1 5 phosphate; granulating and disintegrating agents, for example, corn 
starch, or alginic acid; binding agents, for example starch, gelatin or 
acacia, and lubricating agents, for example, magnesium stearate, stearic 
acid or talc. The tablets may be uncoated or they may be coated by 
known techniques to delay disintegration and absorption in the 
20 gastrointestinal tract and thereby provide a sustained action over a longer 
period. For example, a time delay material such as glyceryl monostearate 
or glyceryl distearate may be employed. They may also be coated by the 
technique described in the U.S. Patent 4,256,108; 4,166,452; and 
4,265,874 to form osmotic therapeutic tablets for control release. 
25 Formulations for oral use may also be presented as hard 

gelatin capsules wherein the active ingredient is mixed with an inert solid 
diluent, for example, calcium carbonate, calcium phosphate or kaolin, or 
as soft gelatin capsules wherein the active ingredient is mixed with water 
or an oil medium, for example peanut oil, liquid paraffin, or olive oil. 
30 Aqueous suspensions contain the active material in 

admixture with excipients suitable for the manufacture of aqueous 
suspensions. Such excipients are suspending agents, for example sodium 
carboxymethyl-cellulose, methylcellulose, hydroxy- 
propylmethycellulose, sodium alginate, polyvinyl-pyrrolidone, gum 
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tragacanth and gum acacia; dispersing or wetting agents may be a 
naturally-occurring phosphatide, for example lecithin, or condensation 
products of an alkylene oxide with fatty acids, for example 
polyoxyethylene stearate, or condensation products of ethylene oxide 
5 with long chain aliphatic alcohols, for example heptadecaethylene- 

oxycetanol, or condensation products of ethylene oxide with partial esters 
derived from fatty acids and a hexitol such as polyoxyethylene sorbitol 
monooleate, or condensation products of ethylene oxide with partial 
esters derived from fatty acids and hexitol anhydrides, for example 
10 polyethylene sorbitan monooleate. The aqueous suspensions may also 
contain one or more preservatives, for example ethyl, or n-propyl, p- 
hydroxybenzoate, one or more coloring agents, one or more flavoring 
agents, and one or more sweetening agents, such as sucrose, saccharin or 
aspartame. 

15 Oily suspensions may be formulated by suspending the 

active ingredient in a vegetable oil, for example aracbis oil, olive oil, 
sesame oil or coconut oil, or in mineral oil such as liquid paraffin. The 
oily suspensions may contain a thickening agent, for example beeswax, 
hard paraffin or cetyl alcohol. Sweetening agents such as those set forth 

20 above, and flavoring agents may be added to provide a palatable oral 
preparation. These compositions may be preserved by the addition of an 
anti-oxidant such as ascorbic acid. 

Dispersible powders and granules suitable for preparation of 
an aqueous suspension by the addition of water provide the active 

25 ingredient in admixture with a dispersing or wetting agent, suspending 
agent and one or more preservatives. Suitable dispersing or wetting 
agents and suspending agents are exemplified by those already mentioned 
above. Additional excipients, for example sweetening, flavoring and 
coloring agents, may also be present. 

30 The pharmaceutical compositions of the invention may also 

be in the form of an oil-in- water emulsions. The oily phase may be a 
vegetable oil, for example olive oil or aracbis oil, or a mineral oil, for 
example liquid paraffin or mixtures of these. Suitable emulsifying agents 
may be naturally-occurring phosphatides, for example soy beans, lecithin, 
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and esters or partial esters derived from fatty acids and hexitol 
anhydrides, for example sorbitan monooleate, and condensation products 
of the said partial esters with ethylene oxide, for example 
polyoxyethylene sorbitan monooleate. The emulsions may also contain 
5 sweetening and flavouring agents. 

Syrups and elixirs may be formulated with sweetening 
agents, for example glycerol, propylene glycol, sorbitol or sucrose. Such 
formulations may also contain a demulcent, a preservative and flavoring 
and coloring agents. The pharmaceutical compositions may be in the 
0 form of a sterile injectable aqueous or oleagenous suspension. This 
suspension may be formulated according to the known art using those 
suitable dispersing or wetting agents and suspending agents which have 
been mentioned above. The sterile injectable preparation may also be a 
sterile injectable solution or suspension in a non-toxic parenterally- 
5 acceptable diluent or solvent, for example as a solution in 1,3-butanediol. 
Among the acceptable vehicles and solvents that may be employed are 
water, Ringer's solution and isotonic sodium chloride solution. In 
addition, sterile, fixed oils are conventionally employed as a solvent or 
suspending medium. For this purpose any bland fixed oil may be 
) employed including synthetic mono- or diglycerides. In addition, fatty 
acids such as oleic acid find use in the preparation of injectables. 

Compounds of formula I may also be administered in the 
form of a suppositories for rectal administration of the drug. These 
compositions can be prepared by mixing the drug with a suitable non- 
irritating excipient which is solid at ordinary temperatures but liquid at 
the rectal temperature and will therefore melt in the rectum to release the 
drug. Such materials are cocoa butter and polyethylene glycols. 

For topical use, creams, ointments, jellies, solutions or 
suspensions, etc., containing the compound of Formula I are employed. 
(For purposes of this application, topical application shall include mouth 
washes and gargles.) 

Dosage levels of the order of from about 0.01 mg to about 
140 mg/kg of body weight per day are useful in the treatment of the 
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10 



above-indicated conditions, or alternatively about 0.5 mg to about 7 g per 
patient per day. For example, inflammation may be effectively treated by 
the administration of from about 0.01 to 50 mg of the compound per 
kilogram of body weight per day, or alternatively about 0.5 mg to about 
3.5 g per patient per day, preferably 2.5 mg to 1 g per patient per day. 

The amount of active ingredient that may be combined with 
the carrier materials to produce a single dosage form will vary depending 
upon the host treated and the particular mode of administration. For 
example, a formulation intended for the oral administration of humans 
may contain from 0.5 mg to 5 g of active agent compounded with an 
appropriate and convenient amount of carrier material which may vary 
from about 5 to about 95 percent of the total composition. Dosage unit 
forms will generally contain between from about 1 mg to about 500 mg 

i « IT acti ^ in S redient » 25 mg, 50 mg, 100 mg, 200 mg, 300 mg, 

15 400 mg, 500 mg, 600 mg, 800 mg, or 1000 mg. 

It will be understood, however, that the specific dose level 
for any particular patient will depend upon a variety of factors including 
the age, body weight, general health, sex, diet, time of administration 
route of administration, rate of excretion, drug combination and the ' 
20 seventy of the particular disease undergoing therapy. 
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Assav Protocol for NQS activity 

NOS activity is measured as the formation of L-[2,3,4,5- 
3 H]Citrulline from L-[2,3,4,5-3H]Argiriine. The incubation buffer (100 
5 nL) contained; 100 mM TES, pH 7.5, 5 (iM FAD, 5 |lM FMN, 10 JlM 
BH4, 0.5 mM NADPH, 0.5 mM DTT, 0.5 mg/mL BSA, 2 mM CaC12, 10 
ug/mL calmodulin (bovine), 1 nM L-Arg, 0.2 fiCi L-[2,3,4,5-3H]Arg, 
and the inhibitor in aqueous DMSO (max. 5 %). The reaction is initiated 
by addition of enzyme. Incubations are performed at room temperature 

10 for 30 minutes and stopped by the addition of an equal volume of 
quenching buffer consisting of 200 mM sodium citrate, pH 2.2, 0.02% 
sodium azide. Reaction products are separated by passing through a 
cation exchange resin and quantitated as cpm by scintillation counting. 
Percent inhibition is calculated relative to enzyme incubated without 

15 inhibitor according to: % inhibition = 100 x (cpm L-[2,3,4,5-3H]Cit with 
inhibitor / cpm L-[2,3,4,5-3H]Cit without inhibitor). 



20 



Illustrative of the utility of the compounds of Formula I is 
the ability of such compounds to inhibit NO synthase as shown in Tables 
1-5 and as measured by the assay described above: 



TABLE 1 



Rl 
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R5 


% inhibition 
(50uM) 
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TABLE 2 



/^N(H)R 5 
N 



R5 


% inhibition 




(50uM) 


-CH3 


3 i 


-CH2CH3 


55 


-CH2-phenyl 
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-cyclohexyl 


8 ! 
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TABLE 3 



Compound 


% inhibition 
(50uM) 


_ M 


90 
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100 


0= nh 
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0*NH 
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Stereochemical Preferences for NOS Inhibition 



Example 


iNOS 


ecNNOS 


ncNOS 


No. 


IC50 (uM) 


IC50 (uM) 
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88 
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Several methods for preparing the compounds of this 
invention are illustrated in the following schemes and examples. Some of 
the compounds are known in the literature but none are reported to be 
inhibitors of NO Synthase. In one method outlined in scheme 1 and 
5 illustrated in Example 2, the compounds are prepared by reacting a 
cyclic iminoether with an appropriate amine or its salt such as a 
hydrochloride, hydrobromide, sulfate, alkyl sulfonate, acetate etc at a 
temperature between 0-100 °C. The required intermediate iminoether 
substrates can be prepared by O-alkylation of the corresponding lactam 

10 by reagents such as methyl trifluoromethanesulfonate, trimethyloxonium 
fluoborate, methyl sulfate etc. Other methods for preparation of 
iminoether known in the art of organic synthesis may also be employed. 
Many of the lactam starting materials are commercially available or they 
can be obtained by literature procedures. One useful method for the 

15 preparation of substituted lactams is illustrated in example 1 . 

SCHEME 1 

(R " R * R 3> (R1.R2.R3) 



20 



(i 



N O MeOTf N OMe 



a 



(R) 2 NH.HCI 



(Ri.Rg.Ra) 



^N' R 
i 

R 



Another method for preparing compounds of this invention 
is shown in scheme 2. In this method a thiolactam is first reacted with an 
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alkylating agent such as methyl iodide or methyl sulfate and the resulting 
iminothioether salt is reacted with an amine to furnish the desired 
amidines. The thiolactam substrates for this process are known in the 
literature or they can be prepared from the corresponding lactam by 
treatment with reagents such as P2S5 or Lawesson's reagent (2,4-bis(4- 

memoxyphenyl)-l,3-mthia-2,4-diphosphetane-2,4-disulfide) as illustrated 
in example 3. 



10 



SCHEME 7 



a(Ri.R 2 .R 3 ) P ^ 
or 
in O Lawesson's 
R4 Reagent 



(R1.R2.R3) 



a. Mel 

b. RNH 2 



R 4 



(R1.R2.R3) 



15 



Alternatively, the cyclic amidine compounds may also be 
synthesized from acyclic precursors as described by Garigipati (Tet Lett 
3L 1969-1972 (1990) ). In this method (Scheme 3) an amino nitrile is 
converted to an aluminum amide by reaction with an alkylaluminum 
reagent such as trimethylaluminum and in situ cyclization of this 
intermediate furnishes the desired amidines. 
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SCHEME3 

(Ri ^2^3) (R1 »R2»Ra) 



NH N^NH 



5 Alternatively, the cyclic amidine compounds may also be 

synthesized from substituted or unsubstituted 2-aminopyridines by the 
method of Freifelder (M. Freifelder, R. W. Mattoon, Y. H. Ng, /. Org. 
Chem.. 29, 3730-3732 (1964)) employing catalytic hydrogenation under 
acidic conditions (Scheme 4). The addition of acid during the 
10 hydrogenation is important (T. B. Grave, J. Am. Chem. Soc. 46, 1460-1470 
(1924)) 

SCHEME 4 

(R 1f R2 t R 3 ) (R^Ra*^) 
S*A H 2 , catalyst s^A 

^N^NHz "Z Sm"S\IH 

15 " H 

Cyclic ami dines may also be prepared from acyclic 
precursors as shown in scheme 5 and demonstrated in example 6. Thus, a 
Michael addition of a nitroalkane to an acrylate ester by the method of 
20 Bunce and Drumright (Org. Prod. Prep. Int. 19, 471-475 (1987)) leads to 
an ester of 4-nitrobutyric acid. Reduction of the nitro group and 
cyclization gives a lactam which is converted to an amidine by the 
procedures described in scheme 1 or 2. 
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Q S ^2 Pi ^2 

LI R, " 3 NO, W H^.SOpsi W 

H 



a. M93OBP4 



R a R 



>— ( (R) g NHCI, 60 °C \_/ 

Many cyclic amidines claimed in this specification can have 
5 stereoisomers and such individual stereoisomers may be prepared from 
chiral lactams. Numerous methods for the synthesis of stereochemically 
pure lactams have been described in literature. One such method using 
amino acids as starting materials is described by Reetz and Rohrig 
(Angew. Chem. Int. Ed. Engl 28, 1706-1709 (1989)) and is shown in 
1 0 scheme 6. The key feature of this procedure is the stereospecific addition 
of organometallic reagents to an unsaturated ester and the reversal of the 
stereoselectivity with an unsaturated malonate, thus allowing synthesis of 
two diastereomers from the same aldehyde intermediate. 
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Scheme 6 



R^CC^ H 3 Steps Riv ^ CH0 (BOhPOOtfCtfl R 1Y ^,C0 2 E1 



N(CH 2 Ph) s 



8H8«* 



(CHjPh) 2 N COjMe 



MezCuU 



Me 

(CHjPhfeN COgMe 



N(CH 2 Ph) 2 



Me 2 CuU 



Me 
N(CH 2 Ph) 2 



a. H2,Pd 

b. Base 



a. Acid 

b. Base 



i 

H 

(4R.5S) 



(4S.SS) 



5 

Synthetic methodology also exists for the preparation of 
chirally substituted 2-imino-piperidines. As shown in Scheme 7, addition 
of organocuprates to the O-rm-butyldimethylsilyl-protected (S)-(-)- 
5(hydroxymemyl)-2(5H)-furanone £ derived from A (available from 
10 Aldrich Chemical Co., Milwaukee, WI) will yield stereoisomer £ (S. 
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Hanessian and P. J. Murray, Tetrahedron , 43, 5055-5072 (1987)). 
Deprotection of £ yields the free alcohol fi which is converted to lactam E 
by described methodology (C. Herdeis and D. Waibel, Arch. Pharm. 
(Weinheim) 1991, 324, 269-21 '4). Treatment with Meerwien's salt followed 
5 by reaction with ammonium chloride in refluxing ethanol yields chiral 2- 
imino-piperidines I and J. Other substituents and substitution patterns are 
available by analogous chemical manipulations from described 
intermediates (S. Hanessian, Aldrichimica Acta 22, 3-15 (1989)). 

0 SCHEME 7 




15 



Another method for the synthesis of chiral amidines is 
shown scheme 8. This synthesis utilizes commercially available 
individual enantiomers of citronellic acid that allow preparation of chiral 
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2-iminopiperidines. Treatment of methyl citronellate with ozone and 
further oxidation of the intermediate gives an acid which was used in a 
Curtius reaction to furnish A upon reaction with benzyl alcohol. 
Hydrolysis, cyclization and removal of the Cbz group of A leads to a 
5 chiral lactam (B) and reaction of B with trimethyloxonium fluoroborate 
followed by NH4CI as detailed in scheme 1 furnishes a cyclic amidine. 
Citronellic acid is also a useful starting material for chiral 5-methyl-2- 
iminopiperidines as shown in scheme 9. In this case citronellic acid is 
first subjected to the Curtius reaction to give a protected amine (C). 
10 Cleavage of the double bond of C by ozone and further oxidation directly 
leads to D and this lactam is converted to an enantiomerically pure 
amidine in 3 steps. 



Scheme 8 



15 




R-Citronellic 
acid 



a. NaOH 

b. CICOjEt, EfeN 

c. 110°C 

d. Hj, Pd(OH) 2 



Me 




B 
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Scheme 9 




COM 



R-Citronellic 
acid 




a. (PhOfePONa 



b. PhCHaOH 



a. H 2> PoXOHfe 



b. Me 3 OBF 4 

c. NH 4 CI 




a. Qs, CHjCb 

b. Jones 



Me 

0 



Cbz 



10 



Citronellic acid can also be used in the synthesis of chiral 
4,5-disubstituted 2-iminopiperidines as shown in shown in scheme 10. 
This method relies on stereoselective alkylation using the oxazolidone 
chiral auxiliary developed by Evans (J. Amer. Chem. Soc. 104, 1737- 
1739 ( 1982)) and the product is then converted to E. Ozonolysis of the 
double bond of E and cyclization of the resulting aldehyde gives F. 
Treatment of F with ozone followed by further oxidation gives an amino 
acid which is cyclized to a chiral lactam (G). Usual transformation of G 
furnishes cyclic amidine. 
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Scheme 1Q 




a. Alleviation 

b. UAlH, 

c. MsCI r^V" 1 a Ps. HOAc 



CO * H Jg^ S V Cbz b.AtfcO 




S-Citronellic 
acid 



f. CbzCI >V cbz 



a.0 3 



b. Jones 



Me Me Me 

j^Y«i a.Me30BF 4 |^Y Rl b'^Et f^V Rl 

HN N bNH «a o^N^ C.H 2l Pd/C ^VCta 

H H ' 

CHO 



The invention will now be illustrated by the following non- 
limiting examples in which, unless stated otherwise: 



All operations were carried out at room or ambient 
temperature, that is, at a temperature in the range 18-25°C; evaporation of 
solvent was carried out using a rotary evaporator under reduced pressure 
(600-4000 pascals: 4.5-30 mm. Hg) with a bath temperature of up to 
60°C; the course of reactions was followed by thin layer chromatography 
(TLC) an eaction times are given for illustration only; melting points 
15 are uncorrected and 'd' indicates decomposition; the melting points given 
are those obtained for the materials prepared as described; polymorphism 
may result in isolation of materials with different melting points in some 
preparations; the structure and purity of all final products were assured by 
at least one of the following techniques: TLC, mass spectrometry, 
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nuclear magnetic resonance (NMR) spectrometry or microanalytical data; 
yields are given for illustration only; when given, NMR data is in the 
form of delta (8) values for major diagnostic protons, given in parts per 
million (ppm) relative to tetramethylsilane (TMS) as internal standard, 
5 determined at 400 MHz or 500 MHz using the indicated solvent; 
conventional abbreviations used for signal shape are: s. singlet; d. 
doublet; t triplet; m. multiplet; br. broad; ejc..: in addition "Ar" signifies 
an aromatic signal; chemical symbols have their usual meanings; the 
following abbreviations have also been used v (volume), w (weight), b.p. 
10 (boiling point), m.p. (melting point), L (liter(s)), mL (milliliters), g 
(gram(s)), mg (milligrams(s)), mol (moles), mmol (millimoles), eq 
(equivalent(s)). 
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EX AMPLE 1 

3-Methvl-2-piperidone 

5 

SftP A: l-n.2-diphenvl-2-hvdroxv^thvl-3-methv1piperidine. 

A mixture of 1.96 g (10 mmoles) of commercially available 
trans-stilbene oxide and 990 mg (10 mmoles) of 3-methyl piperidine was 
10 heated one day in refluxing ethanol. The solvent was then removed in 
vacuo to give the desired amino alcohol in quantitative yield. 

&m2l l-(L2-di P henv1-2-hvdmxv^thvl.3.methv1-2-p iperidoneA 

l-(1.2-diphenvl-2-hvdroxv > >ethv1-S-methv1-2-pip e ridnn e 

15 

A mixture of the crude amino alcohol(10 mmoles) from step 
A, 6.39 g (20 mmoles) of mercuric acetate and 7.5 g (20 mmoles) of 
ethylene diamine tetraacetic acid disodium salt in 80 mL of 1% acetic 
acid in water was heated to reflux 1.5 hrs. After cooling the reaction 

20 mixture, methylene chloride was added and the mixture was swirled 
around to dissolve all organic matter. The organic and aqueous layers 
were decanted from the shiny metallic mercury by-product. The aqueous 
layer was separated and extracted further with methylene chloride. The 
combined organic layers were washed with water and saturated sodium 

25 chloride solution. After drying over anhydrous magnesium sulfate, 

solvent was removed to give a brown crude product, which was puridfied 
on silica gel using 1:3 ethyl acetate and hexane mixture to give 639 mg of 
l-(l,2-diphenyl-2-hydroxy)ethyl-3-methyl-2-piperidone and 1.5 g of 1- 
( 1 ,2-diphenyl-2-hydroxy )ethyl-5-methyl-2-piperidone. 

30 

StgP C; 1 -(1 .2-diphenvl-2-oxoWhvl-3-methvl-2- p iperidone 
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0.7 mL of 8N Jones reagent was added dropwise to an ice- 
cooled solution of 620 mg (2 mmoles) of l-(l,2-diphenyl-2- 
hydroxy)ethyl-3-methyl-2-piperidone in 10 mL of acetone. The reaction 
mixture was then stirred one hour. 1 mL of isopropyl alcohol was added 
5 and the mixture was stirred 10 minutes. The solvent was then removed in 
vacuo. The residue was stirred with water and ethyl acetate until all 
solids dissolved. The aqueous phase was separated and extracted with 
ethyl acetate. The combined ethyl acetate phases were washed with 
water and saturated sodium chloride solution. After drying over 
1 0 anhydrous magnesium sulfate, the solvent was removed in vacuo to 
afford the desired lactam ketone as foam in quantitative yield. 

SJSBJi S-Methvl-S-pipttri,^ 

15 A mixture of 550 mg (1 .8 mmoles) of l-(l,2-diphenyl-2- 

oxo)ethyI-3-methyl-2-piperidone and 715 mg (1 1 mmoles) of zinc dust in 
8 mL of glacial acetic acid was heated to reflux for 1 day. The mixture 
was cooled and filtered and the solids washed with ethyl acetate. The 
filtrate was concentrated to -5 mL. 25 mL of toluene was added and the 

20 solvents were removed in vacuo. The residue was dissolved in ethyl 

acetate and made basic with cautious addition of concentrated ammonium 
hydroxide. The initially formed precipitate dissolved upon further 
addition. After stirring 10 minutes, anhydrous magnesium sulfate was 
added in excess. After 20 minutes, the solids were filtered and washed 

25 with ethyl acetate. The filtrate was concentrated to give a residue which 
was purified on silica gel using 1: 1 mixture of ethyl acetate and hexane 
first and then using 10% methanol in ethyl acetate to give 148 mg of 3- 
methyl-2-piperidone as fluffy solid. 

30 lH NMR(CDC1 3 ): 3.3 (m, CH 2 N); 2.48 (m, CH 2 O0); 1 .45-2.0 (m, 
CH2's); 1.24 (d, CH3); 5.95 (b,NH) 

Following the above procedures, the following lactams were synthesized: 
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g-Mgthyl-2-pipgridong; 

lH NMR(CDCl3): 3.3 & 2.92 (m, CH2N); 2.35 (m, CH2C=0); 1.4-2.0 
(m, CH2's); 1.0 (d, CH3); 6.1 (b,NH) 

4-Methyl-2-pipgridpiK;: 

lH NMR(CDCl3): 3.35 (m, CH2N); 2.48 & 2.8 (m, CH2C=0); 1.35-2.04 
(m, CH2's); 1.04 (d, CH3); 6.05 (b,NH) 

4-Propvl-2-piperidone: 

lH NMR(CDCl3): 3.32 (m, CH2N); 2.5 & 1.98 (m, CH2C=0); 1.25-1.95 
(m, CH2's); 0.90 (t, CH3); 6.1 (b,NH) 

5.5-Dimethvl-2-piperidone: 

lH NMR(CDCl3): 3.01 (s, CH2N); 2.38 (t, CH2C=0); 1.60 (t, CH2); 
1.04 (s.CHs's); 6.1(b,NH) 

3.5-Dimethvl-2-piperidone: 

lH NMR(CDC13): 3.3 & 2.9 (m, CH2N); 2.52 (m, CHC=0); 1.56-2.1 
(m, CH2's); 1.0 & 1.28 (d, CH3's); 5.95(b,NH) 

4-Benzvl-2-piperidone: 

lH NMR(CDCl3): 3.3 (m, CH2N); 2.62 (m, CH2C=0); 1.35-2.48 (m, 
CH2's); 7.1-7.3 (m, Aromatic); 6.05 (b,NH) 

4-Ethoxvcarbonvl-2-piperidone! 
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lH NMR(CDC13): 4.16 (q; CH2O); 3.35 (m, CH2N); 2.60 (d, 
CH2C=O);2.80 (CHCOOEt); 1.82-2.16 (m, CH2's); 1.24 (t, CH3); 6.58 
(b,NH) 
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1 .2.3.4-Tetrahvdrn- 1 -auinolnne; 

lH NMR(CDQ3): 3.6 (t, CH2N);3.0 (t, CH2); 7.2-8.05 (m, Aromatic); 
6.6 (b,NH) 

5 

4-Ethoxvcarbonv1-2-piperizinnne! 

lH NMR(CDC13): 4.26 (q, CH20);4.12 (s, NCH2OO); 3.38 & 3.66 (b, 
CH2's); 1.26 (t, CH3); 6.66 (b, NH) 

10 

EXAMPLE 1 



\_ N ^OCH 3 
15 1 -Aza-2-methoxv- 1 -cvclnnnnony 

Trimethyloxonium tetrafluoroborate (750 mg; 5 mmol) was 
added in one portion to 2-azacyclononanone (700 mg; 5 mM) in 10 mL 
of anhydrous methylene chloride. The resulting mixture was stirred 

20 overnight at room temperature. The next morning 10% Sodium 

bicarbonate solution was cautiously added to neutralize fluoroboric acid 
and the mixture was then diluted with 20 mL of ethyl acetate. The 
organic layer was separated and the aqueous layer was extracted with 
ethyl acetate. The combined organic layers were washed with 10% 

25 sodium bicarbonate solution and with brine. After drying over anhydrous 
magnesium sulfate, the organic layer was concentrated to remove the 
solvents. The residue was taken up in hexane and filtered through a small 
bed of wet silica gel in hexane. The filtrate was concentrated to give 320 
mg of the desired l-aza-2-methoxy-l-cyclononene. 

30 

lH NMR; 3.52 (s, OCH3), 3.36 (m, CH2N=), 2.24 (m, N=C-CH2); 1.3- 
1.7(m). 
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The following iminoethers were synthesized according to the above 
general procedure. In the case of low molecular weight iminoethers 
such as l-aza-2-methoxy-l-cyclopentene and its methyl analogs, l-aza-2- 
5 methoxy-l-cyclohexene and its methyl analogs, it was necessary to use 
low vacuum to remove the solvents in order to reduce the loss of these 

r^rCDCi e 3 Pr0dUCtS " ^ ^ NMR ' S rep0rted u 5 values «* were 
10 l-Aza-2-me.thow-l -rvri rt] v. nrr]ir . 

lH NMR: 3.72 (s, OCH 3 ), 3.58 (t, CH 2 N=),2.36 (t, N^-Ofc), 1.94 
(m). 

15 l-Aza-2-methoxv-5-m ff ^ Y i-|^ Yr i rrfntrnr . 

*HNMR : 3.7 & 3.73 (2s, OCH 3 ), 3.85 (m, CHN=), 2.38 (m, 
N=<:.CH2); 2.14(m) & 1.42(m)(2H), 1.12 (d, C-CH3). 

20 l-A?a-2-methr>yv-3-mP%|.^- nT]rrrntrnr . 

Ts^^r^; 00131 338 & 360 (2t ' CH2N =>« 213 & 

2.58 (2m, N=C-CH), 1.40 (m), 1.16 (d, C-CH3). 
25 l-Aza-2-methoxv-i-rv. : ^hf ? rrnr- 

&1^Z) 3 ' 55 ^ ° CH3X (m ' CH2N=) ' 208 (m * N=C " CH2) ' 148 
30 l-Aga-2-methoxv-3-m ft thvi.^ n Th hn r n r . 
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1 -Aza-2-metfaoxv-4-methvl-l -cvclohexene: 

lH NMR: 3.54 (s, OCH3), 3.29 (m, CH2N=), 2.15 (m, N=C-CH2), 1.56- 
1.66 (m), 0.86 (d,C-CH3). 

l-Aza-2-methnxv-4-proovl-l-cvclohexene: 

lH NMR: 3.52 (br, OCH3), 3.30 (m, CH2N=), 2.16 (m, N=C-CH2), 
1.20-1.64 (m), 0.80 (t, C-CH3). 

l-Aza-2-methoxv-5-methvl-l-cvclohexene; 

lH NMR: 3.60 (b, OCH3), 3.58 & 2.96 (2m, CH2N=), 2.20 (m, 
N=C-CH2), 1.32-1.77 (m), 0.92 (d, C-CH3). 

l-Aza-2-methoxv-5.5-dimethvl-l-cvclohexene: 

lH NMR: 3.62 (b, OCH3), 3.17 (s, CH2N=), 2.16 (t, N=C-CH2), 1.47(t, 
CH2), 0.90(s,C-CH3). 

1-Aza.2-methoxv-3.5-dimethvl-l-cvclohexene: 

lH NMR: 3.52 (s, OCH3), 2.86 (m, CH2N=), 2.32 (m, N=C-CH2), 1.46- 
1.72 (m, CH2), 0.86(s, C-CH3) 1.09 (s, C-CH3). 



l-Aza-2-methoxv-4-ben2vl-l-cvclohexene: 

lH NMR: 3.61 (b, OCH3), 3.36 (m, CH2N=), l.l-2.6(m). 

30 1 - Aza-2-methoxv-1 -cvcloheptene: 

lH NMR: 3.34(s, OCH3), 3.26 (m, CH2N=), 2.23 (m, N=C-CH2), 1.37- 
1.60(m). 
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l-Aza-2-methoxv-l -cvc1nnrt fnff ; 

lH NMR: 3.56 (b, OCH3), 3.34 (m, CH2N=), 2.24 (m, N=C-CH2), 1.3- 
1.6(m). 

5 

3.4-Dihvdro.2.mf.thnTYq.» n ^^>- 

*H NMR: 6.9-7.1 (m, aromatic H), 3.78 (s, OCH3), 2.32 (t, CH2N=), 
2.73(t,N=C-CH2). 

10 

3.4.5.6-Tetrahvdro-4-ethoxvcarhnnvl-2-methnxv-p Vrf1r i n? ; 

lH NMR: 4.15 (q, 2H), 3.90 (s, 2H), 3.65 (s, OCH3), 3.42 (m, 2H), 2.50 
(m,2H), 1.22 (t,3H). 

15 



A mixture of l-aza-2-methoxy-l-cyclononene (62 mg; 0.4 
mmol) and ammonium chloride (20.5 mg; 0.4 mmol) in 1 mL of 
25 anhydrous ethanol was heated to reflux for 3 hours. The solvent was then 
removed in vacuo and the residue was triturated with Et20 to give almost 
a quantitative yield of 2-imino-l-azacyclononane hydrochloride as an 
amorphous solid. 

30 lH NMR(CDC1 3 ): 8.7, 9.0 & 9.6 (3 br,NH's), 3.4 (m, CH2N), 2.7 (m, 
CH2C=N), 1.5-2.0(m). 
Mass Spectrum m/e = 141 



EXAMPLE 3 




NH HCI 



2-Imino- 1 -ayacvclonnnane hvdmchln^^ ff 
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Note: In some cases a slight molar excess (5 - 10%) of the iminoether 
was used. The workup was effected by triturating the residual product 
with ethyl acetate or Et20. In specified cases the products were obtained 
as thick oils. 

The following cyclic amidines (Examples 4-42) were 
synthesized according to the above general procedure by employing an 
appropriate iminoether instead of l-aza-2-methyl-l-cyclononene and 
appropriate amine hydrochloride instead of ammonium chloride. All 
NMR's are reported as 5 values. 



l-Aza-2-imino-cvclopentane hydrochloride! 

lH NMR(CDC13): 9.44, 9.13 & 8.77 (3br, N-H's), 2.88 (t, CH2N), 2.88 

(t,CH2C=N), 2.10(m). 

Mass Spectrum m/e = 85 (M+l). 




EXAMPLE 5 




NH HCI 



1 - Aza-2-imino-3-methvlcvclopentane hydrochloride: 



30 
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*H NMR(CDC13): 9.48, 9.1 & 8.82 (3br, N-H's), 3.6-3.2 (m, CH2N), 
2.36 (t, CHC=N), 1.80 (m), 1.42 (d, C-CH3). 
Mass Spectrum m/e = 99. (M+l). 



EXAMPLR (% 

CH 3 ^^NH HCI 

10 l-Aza-2-imino-5.methv)cvrlnm-ntan e hvdmrh1nr;^ r 

lH NMR(CDC1 3 ): 9.5, 9.18 & 8.78 (3br, N-H's), 4.06 (t, CHN); 3.04- 
2.92 (m, CH2C=N), 2.35 (m, CH2), 1 .32 (d,CCH3). 
Mass Spectrum m/e = 99 (M+l). 



15 



20 



EXAMPLF. 7 

ex.. .CH3 HCI 
H 

l -A2a-2-merhvlamino-1-cvrloiifinteii ft hY^ r ochioriH ft - fain 



lH NMR (CDa 3): 10.1 & 10.03 (2br, N-H's), 3.66 (b, CH2N), 3.08 (d, 
N-CH3), 2.91 (t, CH2C=N), 2.12 (m). 
25 Mass Spectrum m/e = 99 (M+l). 



EXAMPIrFrfl 

O^-CzHs HCI 
30 N K 
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l-Aza-2-etfavlamino-l-cvclopentene hydrochloride: (oin 

lH NMR (D6-DMS0): 10.13 & 9.9 (2br. N-H's), 3.7 (m, CH2N), 3.58 
5 (m, N-CH3), 2.96 (m, CH2C=N), 2. 12 (m), 1.28 (t, CCH3). 
Mass Spectrum m/e = 113 (M+l). 



l-Aza-2-benzvlamino-l-cvclopentene hydrochloride: 

15 lH NMR (D6-DMSO): 10.16 (br,N-H's), 7.3-7.4 (m, aromatic H's), 4.54 
(s, CH2Ph), 3.56 (t, CH2N), 2.84 (t, CH2C=N), 2.06 (m). 
Mass Spectrum m/e = 175 (M+l). 



l-A2a-2-cvclohexvlamino-l -cvclopentene hydrochloride 

.25 

lH NMR P6-DMSO): 9.8 & 9.5 (2br, N-H*s), 3.55 (t, CH2N), 2.78 (t, 
CH2C=N), 2.04 (m), 1.2-1.88(m). 
Mass Spectrum m/e = 167 (M+l). 



EXAMPLE 9 




20 



EXAMPLE 10 




30 



EXAMPIJR 1 1 
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H O HCI 

l-A?a-2-methoxvcarbonvlmethvlamino- 1 -cvclop entene hydrochloride- 
5 (oil) 

lH NMR (D6-DMSO): 10.0 (br, N-H's), 4.25 (s, -NCH2COOMe), 3.7 
(s, COOCH3), 3.6 (t, CH2N), 2.86 (t, CH2C=N), 2.1(m). 
Mass Spectrum m/e = 157 (M+l). 

10 



EXAMPLE 12 

HCI 

15 

l-AM-^f(3,4-d^hvd^oxvphenvl)ethvnamino-l-cv C l» ^ft ntPnP 
hydrochloride: 

*H NMR (D6-DMSO): 9.5 (b.N-H's), 6.46-6.76 (m, aromatic H), 3.54 (t, 
20 CH2), 3.36 (t, CH2), 2.74 (t, CH2), 2.02(m). 
Mass Spectrum m/e = 221 (M+l). 



EX AMPLF 1 3 

25 

CH 3 HC » 



l-Aza-2.2-dimethvlamino-1 -cvclopentene h y drochloride. 
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lH NMR(CDC13): 1 1.24 (b, N-H's), 3.8 (t, CH2N), 3.4 (s, N-CH3), 3.16 
(t, CH2C=N), 2.86 (t, CH2), 2.2(m). 
Mass Spectrum m/e =113 (M+l). 

5 

EXAMPLE 14 

Cj^NH HCI 

10 

2-Iminopjperidine hydrochloride 
Commercially available sample was used. 

15 

EX AMPLE 15 
C^X^.CH 3 HCI 

20 1-A^-^methvlamino-l-CVclohexene hvdmrhlnriHp; fnih 

*H NMRP6-DMSO): 9.3 & 9.22 (2br, NH's), 3.30 (m, CH3), 2.78 (d, 
CH3), 2.52 (m, CH2C=N);1.70(m). 
Mass Spectrum m/e = 113 (M+l). 

25 

EXAMPLE 16 
C^L^CaHs HCI 
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l-Aza-2-ethvlamino.l-rvrl^exene hydrochloride- 

lH NMR (D6-DMSO): 9.3 (br, NH's), 3.28 (m, CH2N) 3.20 (m, CH2N), 
2.5 (m, CH2C=N), 1.20 (t, CH3). 
Mass Spectrum m/e = 127 (M+l). 



10 



EXAMPLE 17 



*N*V CH3 HCI 
CHa 



l-Aga-2-dimethvlamino-l-cvclnh^^ hvdrochlnridP 

15 lH NMR (CDC1 3 ): 10.7 (br, NH's), 3.60 (m, CH 2 N), 3.40 & 3.12 (2s, 
CH3), 2.63-2.52 (m, CH2), 1.85-1.77 (m). 
Mass Spectrum m/e = 127 (M+l). 



20 EXAMPTF.1S 



25 



a 



CH3 

NH HCI 



2-Iimno-3-methvlpippriHj ne hvdmrh1 ftr j^ ff - 

lH NMR (D6-DMSO): 9.5 & 8.6 (2br,NH's), 3.25 (m, CH 2 N), 2.7 (m, 
CHC=N), 1.4-1.9 (m), 1.25 (d, CH 3 ). 
Mass Spectrum m/e = 113.1 (M+l). 



30 
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EXAMPLE 19 

J* 

^Jj^SslH HCI 



5 2-Imino-4-methvlpiperidine hydrochloride: 

lH NMR (D6-DMSO): 9.5, 8.68 & 8.35 (3br, NH's), 3.24 (m, CH2N), 
2.55 & 2.15 (m, CH2C=N), 1.35-1.85 (m), 0.96 (d,CH3). 
Mass Spectrum m/e = 1 13 (M+l). 



EXAMPLE 20 




NH HCI 



2-Imino-4-propvlpiperidine hydrochloride: 

lH NMR (D6-DMSO): 9.5 & 8.7 (2br, NH's), 3.22 (m, CH2N), 2.6-2.16 
(m, CH2C=N), 1.3-1.8(m), 0.85 (t, CH3). 
Mass Spectrum m/e = 141 (M+l). 



EXAMPLE 21 
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5 



-77 



2-InunO-4-hf.n2v1nip ft riHin^ tivdmrhlftrjffr; 

lH NMR (D6-DMSO): 9.54, 8.64 & 8.36 (3br, NH's), 7.15-7.35 (m 
aromatic H), 3.35 & 3.2 (m, CH2N), 2.6(m, CH 2 C=N), 1.4-2.06(m) 
Mass Spectrum m/e = 190 (M+l). 



10 



EXAMPTF?? 



2-Imino-^mf thvlpinpridine hydr^i^- 

15 2.55 (m,CH 2 C=N), 1.3-1.8 (m), 0.92 (d,CH 3 ). 
Mass Spectrum m/e = 1 13 (M+l). 



2Q EXAMPT .F f 23 

CH 3 

"HTX 

NH HCI 



25 



2-Imino-5.5-Him e thvi r j r r r j^ n phvdmrh] ^ ff , 

lH NMR (D6-DMSO): 9.5 & 8.4 (2br, NH's), 2.95 (s, CHtN) 2 52 (t 
CH 2 C=N), 1.48 (t, CH2), 0.92 (d, CH 3 ). ( ' 

Mass Spectrum m/e = 127 (M+l). 



30 



EXAMPLE OA 
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5 



10 



20 



25 



^[J^NH HCI 

2-lmino-3.5-dimethvlpiperidinc hydrochloride; 

lH NMR (D6-DMSO): 9.45, 8.7 & 8.5 (3br, NH's), 3.32 (m, CH2N), 
2.64 (m, CHON), 1.6-2.22(m). 
Mass Spectrum m/e =113 (M+l). 



EXAMPLE 25 



^[j^NH HCI 



15 1 - Aza-2-iminocvcloheptane hydrochloride: 

lH NMR (CDC13): 9.5, 9.0 & 8.45 (3br,NH's), 3.4 (m, OfeN), 2.75 (m, 

CH2C=N), 1.4-1.8(m). 

Mass Spectrum m/e = 127 (M+l). 



EXAMPLE 26 



^N^jj-CH 3 HCI 



1 - Aza-2-methvlamino- 1 -cvcloheptene hydrochloride; 

lH NMR (CDC13): 10.0 & 9.5 (2br, NH's), 3.50 (m, CH2), 3.0 (d, CH3), 
2.8 (m, CH2C=N), 1.6-1.84(m). 
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Mass Spectrum m/e = 127 (M+l). 



EXAMPLES? 



C^jjj-CzHg HCI 

l-Aa-2-Cthvlamino-l-CVcloheptenff hvdrnchlnriHf ; (oil) 

10 lH NMR (CDC13): 9.8 & 9.54 (2br, NH's), 3.52 (m, CH 2 ), 2.85 (m, 
CH 2 C=N), 1.70 (m), 1.3 (t, CH3). 
Mass Spectrum m/e = 141 (M+l). 



15 EXAMP1,F,?8 

^N^ N -CH 3 HCI 
CH3 

l -Aza-2-dimPthvlamino-1 -cvclohepten* H vdrochinriHg 

lH NMR (CDQ3): 3.65 (m, CH2N), 3.42 & 3.25 (2s, CH 3 ), 2.72 

(m,CH2), 1.6-1.85(m). 

Mass Spectrum m/e = 141 (M+l). 

25 

EXAMPLES 
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-80- 



mo 



HCI 



l-Aza-2-benzvlamino-l-cvcloheptene hydrochloride: 

5 lH NMR (D6-DMSO): 9.9 & 9.6 (2br, NH's), 7.4 (m, aromatic H), 4.48 
(b, CH2), 3.45 (m, CH2N), 2.76 (m, CH2C=N), 1.5-1.75 (m). 
Mass Spectrum m/e = 203 (M+l). 



l-Aza-2-cvclohexvlamino- 1 -cvcloheptene hydrochloride 

15 

1HNMR (D6-DMSO): 9.2 (or, N-H's), 3.38 (m, CH2N), 2.68 (t, 

CH2C=N), 1.1-1.88 (m). 

Mass Spectrum m/e = 195 (M+l). 



10 



EXAMPLE 30 




20 



EXAMPLE 31 




NH HCI 



25 l-A2a-2-iminocvclooctflne hvdriochloride: 
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lH NMR (CDQ3): 9.6, 9.0 & 8.7 (3br, NH's), 3.45 (m, CH 2 N), 2.7 (m, 

CH2C=N), 1.5-2.0(m). 

Mass Spectrum m/e = 127 (M+l). 

5 

EXAMPLE 32 




10 1 -Aga-2-merhvlamino-i -cvriooctenft hvHmrhbrifl*- 

1H NMR (CDC13): 10.0 & 9.34 (2br, NH's), 3.55 (m,CH2),3.05 (d, 
CH3), 2.75 (m, CH2C=N), 1.48-1.95(m). 
Mass Spectrum m/e = 141 (M+l). 

15 



EXAMPTJ? W 




l-Aza^-etiivlamino-l-rvclooctenphyH^h^rj^. 

lH NMR (CDC13): 8.2-10.0(br, NH's), 3.55 (m, CH 2 ), 2.5-2.76 (m, 
CH2C=N), 1.26-2.05 (m), 1.3 (t, CH3). 
25 Mass Spectrum m/e = 155 (M+l). 



EXAMPLE M 
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a 

^ — N 



no 



HCI 



l-A2a-2-benzv1amino-1 -cvclooctene hydrochloride: 

5 lH NMR (D6-DMS0): 9.9 & 9.3 (2br, NH's), 7.36 (m, aromatic H), 4.5 
(b, CH2), 3.5 (m, CH2N), 2.7 (m, CH2C=N), 1.3-1.75(m). 
Mass Spectrum m/e = 217 (M+l). 



l-Aza-2-methvlamino-l-cvclononene hydrochloride: 

15 

1H NMR (D6-DMS0): 9.64 & 8.95 (2br, NH's), 3.5 (m, CH2), 3.05 (d, 
CH3). 2.82 (d, CH3), (2.64 (m, CH2C=N), 1.25-1.8(m). 
Mass Spectrum m/e = 155 (M+l). 



25 3.4-Dftvdro-2-aminoquino1i ne hydrochloride: 

1H NMR (D6-DMSO): 9.7 & 8.9 (2br, NH's), 7.1-7.3 (m, aromatic H), 
2.9 (m, CH2). 



10 



EXAMPLE 35 




20 



EXAMPLE % 
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Mass Spectrum m/e = 147 (M+l). 



EXAMPTFT7 
%S^ N *<^CH 3 HCI 



. ^ 4-PihYdrQ-?-meThYla m inonnino1in < >hvdrnrhinr ;f ff . 

1 0 i SKSRS 4 ,a45 (2b " "* 7 - '- 7 - 5 ( - 



(CH 2 ). 

Mass Spectrum m/e = 161 (M+l). 



15 EXAMPLE 

2Q 3>4-Pihvdro-?.-ethvi a mj Bnr | nol j ne hv^ ^. 
Mass Spectrum m/e = 1 75 (M+l). 

25 

EXAMPT.F 
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? A-Dih vdm-2-henzvlaminoguinoline hydrochloride: 

lH NMR (D6-DMSO): 10.75 (br, NH's), 7.1-7.55 (m, aromatic H), 4.86 
5 (b, CH2), 3.1 (d, CH3). 2.95 (m, CH2). 
Mass Spectrum m/e = 237 (M+l). 



EXAMPLE 4Q 

10 



^■4-Dihvdro-2-cvclohexv1aminoquinoline hydrochloride: 

15 lH NMR (D6-DMSO): 10.2 (br, NH's), 7. 1-7.6 (m, aromatic H), 2.9 
(CH2), l.l-2.0(m). 
Mass Spectrum m/e = 229 (M+l). 



20 EXAMPLE 41 



l^A^^CHg HCI 

CHa 

3.4-Dihvdro-2-dimethvlaminoQuinoline hydrochloride: 

25 

lH NMR (D6-DMSO): 8.8 (br, NH's), 7.1-7.6 (m, aromatic H), 3.4 & 

3.3(2s,CH3),2.95(CH2). 

Mass Spectrum m/e = 175 (M+l). 



30 
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EXAMPT.F49 

OyOCsHj 

Cx 

|J NH HCI 



10 



ine hvdmphln n ^ f ; 



r»?fc^* DMS ° ): W & 8 8 (2br ' ^ 4 38 CH2), 4.1 (q, 
CH 2 ), 3.56 (br, CH 2 ), 3.35 (t, CH 2 ), 1.2 (t, CH 3 ). 

Mass Spectrum m/e = 172 (M+l). 



EXAVfPTF^ 

NH HI 

15 

g-(S)-2-Iniino-1-nM-bicvr1on 3 o^ne Mr^rn liflr 

Step A; 1-t-bmoyvrnrbonvl ->.fSV r vr^| HiniTmrthnnr] 

its /c^ J° a vi 8 ourousl y stilri °g solution of 2.5 g (24.7 mmol) 2- 
20 (S)-pyrrohdinomethanol in 20 mL of saturated sodium bicarbonate 
solution at RT was added 6.25 mL (27.2 mmol) of dw-butyl dicarbonate 
Reaction was continued overnight at room temperature. Reaction 
mixture was diluted with water and extracted with EtOAc. EtOAc layer 
was washed with water, brine, dried, filtered and the filtrate was 
25 concentrated. Trituration of the white solid with hexane followed by 
filtration yielded 4.3 g of the desired compound. 

!2« : ,J' 76 <* MX 3.98 (br, 1H), 3.29-3.67 (m, 4H), 
2.00-2.06(m, 1H), 1.78-1.84(m, 2H), 1.48 (s, 9H). 
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Step B; l-t-Pv»toyygart)9py]i-?-(S>-fonnyl-pyrrpl^ng, 

To a solution of 0.44 mL (6.2 mmol) of DMSO in 3 mL of 
5 CH2CI2 at -78 °C was added 0.36 mL (4.1 mmol) of Oxalyl chloride. 
After 10 min 0.402 g (2 mmol) of l-t-butoxycarbonyl-2-(S)- 
pyrrolidinomethanol was added and stirred for 20 min. Triemylamine 
(1.7 mL, 12.4 mmol) was added to the reaction mixture and it was 
allowed to warm to room temperature. After stirring for 15 min at room 
10 temperature, the reaction was diluted with water and extracted with 

CH2CI2. The CH2O2 layer was washed with brine, dried and the filtrate 
was concentrated. The residue was chromatographed using 20% Et20- 
hexane to isolate 0.436 g (quantative) of the title compound mixed with a 
small amount of DMSO which was used in the next step. 

15 

Step C: l-t-Butoxvcarfaonvl-2-fSVmethoxvcarbonvlethvl-pvrrolidine. 

To a suspension of 0.16 g (4 mmol) of NaH in 10 mL of 
THF was added 0.73 mL (4 mmol) of methyl diethylphosphonoacetate. 

20 After 10 min a solution of 0.436 g (2 mmol) of l-t-butoxycarbonyl-2-(S)- 
formyl-pyrrolidine prepared in step B was added. After stirring for 1 h 
the reaction was quenched by adding saturated NH4C1 and extracted with 
CH2CI2. The CH2CI2 layer was washed with brine, dried, concentrated 
and the residue was purified by chromatography using 20% EtOAc- 

25 hexane to furnish 0.383 g of oil. 

lH NMR (CDCI3): 6.82 ( dd, J= 15.5. 6 Hz, 1H), 5.83 (d, J= 15.5, 1H), 
4.4 (m, 1H), 3.72 (s, 3H), 3.40 (m, 2H), 2.08 (m, 1H), 1.86 (m, 1H), 1.77 
(m, 1H), 1.43 (s, 9H). 
30 13C NMR (CDCI3 in ppm): 166.87, 148.84, 120.00, 57.81, 51.53, 46.18, 
31.68,28.35,22.86. 

A solution of 0.383 g of this oily product in 5 mL of 
methanol and 50 mg of 10 % Pd/C was stirred under H2 atmosphere 
overnight. The next morning the catalyst was filtered through a plug of 
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celite and the filtrate was concentrated to obtain 0.368 g (72%) of the tide 
compound sufficiendy pure for use in the next step. 

lH NMR (CDC13): 3.78(m, 1H), 3.65 (s, 3H), 3.28 (m, 2H), 2.32 (t, 
5 J=7.5Hz,2H),1.45(s,9H). 

Step D: SziSklzAzaAwskiQ 3 .AWtar.^ 

A solution of 0.201 g (0.78 mmol) of l-t-butoxycarbonyl-2- 
10 (S)-memoxycaitonylemyl-pyrrolidine in 3 mL of CH2CI2 at 0 °C was 
treated with 1 mL of trifluoroacetic acid. During the next 1 h as the 
solution warmed to room temperature the reaction was complete. The 
reaction was concentrated and saturated K2CO3 solution was added to 
the residue until it was basic. The mixture was heated in a 75 °C for 18 h. 
15 The reaction was cooled and extracted with CH2CI2 and the organic 
layer was washed with brine, dried and concentrated. The residue was 
chromatographed on a flash column using 10:45:45 mixture of 
MeOH:EtOAc:hexane to isolate 96 mg (98%) of the title compound. 

20 lH NMR (CDQ3): 3.88 (m, 1H), 3.53 (m, 1H), 3.03 (m, 1H), 2.72 (m, 
1H), 2.31 (m, 1H), 2.02-2.28 (m, 3H), 1.73 (m, 1H), 1.32 (m, 1H). 
13C NMR (CDCI3 in ppm): 174.71, 62.04, 40.94, 35.35, 32.18, 27.15, 
26.97. 



Step E; 5-rsVl-Aza-bicvclor3.3 0W ; t a n-?- r t 1 j ffn f 

To a solution of 80 mg (0.64 mmol) of 5-(S)-l-aza- 
bicyclo(3.3.0)octan-2-one in 4 mL of toluene was added 0.388 g (0.96 
mmol) of Lawesson's reagent and the mixture was heated ina90°C bath. 
After 18 h the reaction was cooled, concentrated and the residue was 
chromatographed using 20% EtOAc-hexane to furnish 83 mg (92%) of 
the tide compound. 
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lH NMR (CDCI3): 4.17 (m, 1H), 3.72 (m, 1H), 3.40-3.23 (m, 3H), 2.38- 
2.21 (m, 4H), 1.78 (m, 1H), 1.47 (m, 1H). 

13c NMR (CDC13 in ppm): 69.68, 49.36, 44.56, 31.60, 29.36, 27.50. 

5 Step F; 5-(S)-2-Imino-l-azft-t>iigydQf3,3.Q)wtane, hydroiodide 

Methyl iodide (1.5 mL) was added to 83 mg (0.59 mmol) of 
5-(S)-l-aza-bicyclo(3,3,0)octan-2-thione and the mixture was stirred 
overnight Next morning excess methy iodide was removed in vacuo 
10 leaving a solid residue. 

*H NMR (D20): 4.66 (m, 1H), 3.53 (m, 1H), 3.68-3.57 (m, 4H), 2.76 (s, 
3H), 2.53-2.41 (m, 3H), 2.26 (m, 1H), 2.03 (m, 1H), 1.66 (m, 1H). 
13C NMR (D20 in ppm): 187.28, 75.86, 45.84, 43.19, 29.53, 27.52, 
15 27.05, 15.40. 

The solid obtained from the above reaction was dissolved in 
5 mL of MeOH and the solution was saturated with NH3. After stirring 
for 18 h the reaction mixture was concentrated leaving a white solid 
20 residue. The solid was triturated with ether and dried to isolate 0. 161 g 
(qualitative) of the title compound as a hydroiodide salt. 

lH NMR (D20): 4.31 (m, 1H), 3.40 (m, 2H), 3.25 (m, 1H), 3.04 (m, 
1H), 2.36-2.27 (m, 4H), 1.94 (m, 1H), 1.53 (m, 1H). 
25 13c NMR (D2O in ppm): 165.37, 69.08, 49.03, 42.66, 35.96, 30.38, 
27.83,27.18. 



EXAMPLE 44 

30 

NH HI 
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2-Imino-1-a7a-hicvrlor4^n^nnn a nP^ Yf i n> j^ |T < < , 

SteP A; l-t-hiltOXVcafhonvl^-fR^Vp iperidinoriinnm^h fln^ 

5 Starting from 5 gm (43.4 mmol) of 2-(R+S)- 

piperidinodinomethanol and following the procedure as in example 43, 
step A gave 7.06 gm of the tide product. 

*H NMR (CDC13): 4.26 (m, 1H), 3.92 (m, 1H), 3.77(m, 1H), 3.59 (m, 
10 1H), 2.84 (m, 1H), 1.49-1.60 (m, 3H), 1.44 (s, 9H). 

13c NMR (CDCI3 in ppm): 79.72, 61.40, 52.37, 39.95, 33.88, 28.37, 
25.19,25.11,19.50. 

StCP B; 1-t-BntOTVcariv)nv1.2.n?4.5;^-f orrnv1. P ip e ridinP 

15 

Starting from 0.7 gm (3.2 mmol) of 1 -t-butoxycarbonyl-2- 
(R+S)-pipericmiodteomethanol and following the procedure as in 
example 43, step B, gave 0.675 gm of the desired compound. 

20 lH NMR (CDCI3): 9.60 (d, J=5.7 Hz, 1H), 4.55 (br s,lH), 3.95 (br s, 
1H), 2.94 (br s, 1H), 2.17 (m, 1H), 1.67-1.28 (m, 5H), 1.48 (s, 9H). 

Step C l-f-PntOXVCarbonvl-?,-n?+S Wtho^vr ^ nvlethvl-pip prirfin. 

25 To » suspension of 0.088 g (3.7 mmol) of NaH in 5 mL of 

THF was added 0.68 mL (4 mmol) of methyl diethylphosphonoacetate at 
-10°C. After 10 min a solution of 0.528 g (2.47 mmol) of 1-t- 
butoxyc^nyl^-^+SHormyl-pi^ridine prepared in step B was added. 
After stirring for 1 h the reaction was quenched by adding saturated 

30 NH4CI and extracted with EtOAc. The EtOAc layer was washed with 
brine, dried, concentrated and the residue was purified by 
chromatography using 5% EtOAc-hexane to furnish 0.579 g of oil. 
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lH NMR (CDC13): 6.88 ( m, 1H), 5.81 (d, J= 15.8, 1H), 4.94 (m, 1H), 
3.98 (m, 2H), 3.74 (s, 3H), 2.81 (m, 1H), 1.81-1.60 (m, 5H), 1.45 (s, 9H). 
13c NMR (CDCI3 in ppm): 166.61, 154.94, 121.56, 79.79, 51.53, 28.89, 
28.33,25.22, 19.81. 

5 

A solution of 0.570 g of this oily product in 5 mL of 
methanol and 50 mg of Pt02 was stirred under H2 atmosphere overnight. 
The next morning the catalyst was filtered through a plug of celite and 
the filtrate was concentrated to obtain 0.548 g of the title compound 
1 0 sufficiently pure for use in the next step. 

lH NMR (CDCI3): 4.24(m, 1H), 3.66 (s, 3H), 2.73 (m, 1H), 2.31-2.25 
(m, 2H), 2.13-2.07 (m, 1H), 1.69-1.50 (m, 6H 1.45 (s, 9H). 
13c NMR (CDCI3 in ppm): 174.00, 154.96, 79.20, 51.49, 49.88, 30.89, 
15 28.85, 28.37, 28.27, 25.50, 24.96, 19.01. 

StCD P; 5-rR+SVl-Aza-hicvclof4 3 

A solution of 0.548 g (2.02 mmol) of l-t-butoxycarbonyl-2- 
20 (R+S>memoxycarbonyle%l-piperidine in 3 mL of CH2CI2 at 0 °C was 
treated with 1 mL of trifluoroacetic acid. During the next 1 h as the 
solution warmed to room temperature the reaction was complete. The 
reaction was concentrated and saturated K2CO3 solution was added to 
the residue until it was basic. The mixture was heated in a 75 °C for 2 h. 
25 The reaction was cooled and extracted with CH2CI2 and the organic 
layer was washed with brine, dried and concentrated. The residue was 
chromatographed on a flash column using 10:45:45 mixture of 
MeOH:EtOAc:hexane to isolate 0.187 g (67%) of the tide compound. 

30 lH NMR (CDCI3): 4.04 (m, 1H), 3.34 (m, 1H), 2.54 (m, 1H), 2.27 (m, 
1H), 2.14 (m, 1H), 1.80 (m, 2H), 1.63 (m, 1H), 1.50 (m, 1H), 1.36-1.23 
(m,2H), 1.09 (m,lH). 

13C NMR (CDCI3 in ppm): 173.47, 57.17, 40.1 1, 33.48, 30.20, 25.23, 
24.35, 23.58. 



WOWMM4 
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SftP E; S-ffit,SV1-A™ hicvrWd i i}) nmm 2 lhinnr 

h - w„ , J° 8 SOlUti011 of 90 "« (0 64 """"A of 5-<R+S)-l-aza- 
2*^^ » * mL of toluene was added 0.392 g (0.97 
mmol of Uwesson", «gent and the mixture was heated in a 90 oc bath. 
After U h me reaction was cooled, concentrated and the residue was 

?0% ^-hexane to furnish 95 mg (96%) of 

S ^ ): , 4 ,' 85 ^ ,HX 3 71 (m - ,H >- 3 05 < m - IH ). (■». 

lCcJuf2. 0,B * 1H)> 1 - 53 " 1 « (m. 2H). 1.28 (m, 1H). 
15 24S^ 9 r Cl3inPPm): 199 - ,5 - 65I3 ' 45 ». 43.40. 33.34, 26.66, 



10 




20 (R*S\ , 0 mL)wasadd «"o50t»S(0.32mmoI)of5. 

20 CR+SH^a-b 1C y c lo(4.3.0)nonaii.2-thione and the mixture was stirred for 
5hr. Excess methv iodide was removed in vacuo tJ^ZZSZ 

25 13? , ^ ( ^ 2 - 1 M m - 1H),, - 90(n, - 2H >- 1 - 58 ->'»9(m.3H). 
Sfs^ " PPm): 70 - 41, ^ 37 - 01 - 32 - 30 ' « «. 23 66. 

5 ml „fu /S^? 0bBined *° m "* "bove reaction was dissolved in 
0 forlshml™ r * S ° 1Uti0n WaS ~" NH3. After Zng 

residue, the sohd was triturated with ether and dried to isolate 83 m* 
(quamauve) of me tide compound as a hydroiodide safc 8 
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lH NMR (D20): 3.84-3.78 (m, 2H), 3.07 (m, 1H), 2.85 (m, 2H), 2.32(m, 
1H), 2.01 (m, 1H), 1.86-1.72 (m, 4H), 1.48 (m, 2H), 1.34 (m, 1H). 
13c NMR (D2O in ppm): 166.27, 63.61, 43.14, 31.94, 29.93, 25.30, 
23.30,21.97. 



cis ^.6-Kmgthyl-2-iminQ-pipgridine. acetic acid salt. 

2-Amino-4,6-dimethyl-pyridine (2.00 g, 16.4 mmol) was 
15 dissolved in 10.0 mL of glacial acetic acid and 0.90 g of 5% rhodium on 
alumina was added. The mixture was shaken under a hydrogen atmosphere 
at 40 psi for 16 h. After filtering the mixture through Celite and washing 
the catalyst with an additional 25 mL of acetic acid, the filtrate was 
concentrated to a weight of 4.5 g. Toluene (3x10 mL) and then ethyl 
20 acetate (20 mL) were added sequentially, with evaporation of the solvent 
under vacuum following the addition of each portion. The residue was 
dissolved in methanol and filtered through a 0.45 micron membrane. The 
filtrate was evaporated and the residue was dissolved in 20 mL of ethyl 
acetate and cooled to 0 °C. Filtration and drying under vacuum yielded 958 
25 mg (3 1 % yield) of ct5-4,6-dimemyl-2-miino-piperidine, acetic acid salt 

iH-NMR (400 MHz, CD3OD) 8 3.58 (m, 1H), 2.62 (ddd, 1H, J = 17.5, 4.5, 
2 Hz), 2.16 (ddd, J - 17.5, 12, 1.5 Hz), 2.00-1.90 (m, 2H), 1.89 (s, 3H), 
1.27 (d, 3H, J = 6 Hz), 1.11 (q, 1H, J = 12 Hz), 1.06 (d, 3H, J = 6 Hz). 
30 Mass spectrum: 127 (M+l). 



EXAMPLE 45 




HOAc 



10 
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Following the above procedures, the following 
2-irninopiperidines (Examples 46-59) were synthesized from the 
appropriate 2-aminopyridine: 



5 



EXAMPLE 46 




NH HOAc 



10 2-Imino-4-methvl-piDeridine. acetic acid salt 

1H-NMR (400 MHz, CD3OD) 8 3.24 (ddd, 1H, J = 13, 5.5, 2.5 Hz), 3.14 
(ddd, 1H, J = 13, 10, 5 Hz), 2.45 (ddd, 1H, J = 17.5, 5, 1.5 Hz), 2.04 (dd, J 
= 17.5, 10 Hz), 1.88-1.68 (m, 2H), 1.64 (s, 3H), 1.30 (dtd, 1H, J = 13, 10, 
15 5.5 Hz), 0.95 (d, 3H, J = 6 Hz). 

Chemical Analysis. Calc. for C8H16N2O2: 55.79% C, 9.36% H, 16.27% 
N. Found: 55.95% C, 9.29% H, 16.33% N. 



P-Ethvl^-imino^methvl-Dineridini. a ™ »ti c acid salt. 

25 

1H-NMR (400 MHz, CD3OD) 5 3.48-3.39 (m, 1H), 2.63 (ddd, 1H, J = 
17.5, 4.5, 2 Hz), 2.17 (ddd, 1H, J = 17.5, 12, 1.5 Hz), 2.03-1.90 (m, 2H), 
1.90 (s, 3H), 1.69 (dqd, J = 14, 7, 5 Hz), 1.56 (dq, J = 14, 7 Hz), 1.10 (q, J = 
12 Hz), 1.07 (d, 3H, J = 7 Hz), 0.98 (t, J = 7 Hz). 



20 



EXAMPLR 47 
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EXAMPLE 48 



5 




NH HCI 



4-Imino-5-ci.v-methv1-3-azabicvclo T4.3.01 nonane. hydrochloride. 

lH NMR (400 MHz, CDC13) 6 3.42 (dm, 1H, J=13Hz), 3.23 (d, 1H, 
10 J=13Hz), 2.84-2.87 (m,lH), 2.62-2.49 (1H, m), 2.02-1.95 (1H, m), 
1.93-1.86 (1H, m), 1.76-1.69 (1H, m), 1.41-1.28 (2H, m), 1.249 (3H, d, 
J=7Hz), 0.95-0.86 (lH,m). 

Mass spectrum m/e = 153 (M+l). 



20 

Ctf-5-Aminomcthv1-4,6-dimemvl-2-iimno- P iperidin e.dihv 

lH NMR (400 MHz, CDCI3) 8 3.95-3-88 (m, 1H), 3.05(t, 2H, J=5Hz), 
2.73 (dd, 1H, J=17Hz, J=5.5Hz), 3.05 (t, 2H J=4.5 Hz), 2.73 (dd, 1H, 
25 J=18Hz, J=5.5Hz), 2.37 (dd, 1H, J=18Hz, J=9.5Hz), 2.4-2.3 (m, 1H), 
2.25-2.20 (m, 1H,), 1.37 (d, 3H, J=7.1Hz), 1.15 (d, 3H, J=6.7Hz). 



EXAMPLE 49 




Mass spectrum m/e = 156 (M+l). 
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EXAMPLF. SO 




5 



W-3-Ethv1-2-imino-4-mftthv1-nip ft riHinP hvdrnrhlnriH* 

Ifi NMR (500 MHz, CD3OD) 8 3.44 (m, 1 H), 3.38 (m, 1 H), 2.48 (dd, 
J = 4 Hz, 1 H), 2.16 (m,J=10&4Hz,lH),1.83 (m, 1 H), 1.74 (m,2 
10 H),1.67 (m,lH),1.06 (t, J = 8 Hz, 3 H), 1.05 (d, J = 7 Hz, 3 H). 



Ctf-2-Imin(>-4-methv1-3-li-nroT>v1-nip CT i^ n f h y drochloride 

lH NMR (500 MHz, CD3OD) 8 3.44 (m, 1 H), 3.38 (m, 1 H), 2.55 (dd, 
J = 5Hz,lH),2.15 (m,J=10&4Hz,lH), 1.83 (m, 1 H, H5), 1.76 
(m, 1 H), 1.59 (m, 2 H), 1.45 (m, 2 H), 1.05 (d, J = 7 Hz, 3 H), 0.99 (t, 
J = 7Hz,3H). 



Mass spectrum m/e = 141 



15 



EXAMPrFSI 




25 



Mass spectrum m/e =155 



EXAMPLE 
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NH HOAc 



c?Virrg^-2-Imino-4-methvl-piperidine-5-carfaoxvlic acid, acetic acid salt. 

5 

*H NMR (400 MHz, CD3OD) 6 1.04 (d, 1.5H), 1.08 (d, 1.5H). 



Mass spectrum m/e = 156 (M). 



15 C»^gn.y-2-Iniino-4-methv1-pineridine-5-carh oxvHc acid, methvl ester 

acetic acid salt, 

*H NMR (400 MHz, CD3OD) 5 1.05 (d, 1.5H), 1.09 (d, 1.5H), 3.74 (d, 
3H). 

20 

Mass spectrum m/e = 171 (M+l). 



10 



EXAMPLE 53 




HOAc 



EXAMPLE 




HOAc 
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cMr<m-5-Acetomidomet^^^ aeetic rrft sail 

lH NMR (400 MHz, CD3OD) 8 1.02 (d, 1.5H), 1.10 (d, 1.5H). 
Mass spectrum m/e= 184 (M+l). 



MminQ-^-Ti-PraPVloxv-ninftridine. arPrir ^ ^ 
15 lH NMR (400 MHz, CD3OD) 8 0.95 (t, 3H), 1.59 (m, 2H). 
Mass spectrum m/e = 157 (M+l). 

20 EXAMPTPSfi 



25 ^^y^5-Amamido-2-imino^ me thvi- P ip ff n^ . a nri « a it 

lH NMR (400 MHz, CD3OD) 8 1.00 (d, 1.5H), 1.05 (d, 1.5H), 1.97 (d 
3H). 

Mass spectrum m/e =170 (M+l) 

30 



10 



EXAMPLE S3 
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EX AMPLE yy 




NH HOAc 



5 

5-Cvclohexvl-2-imino-piperidine. acetic acid salt 
lH NMR (400 MHz, CD3OD) 6 1.00-1.85 (br m, 1 1H). 
10 Mass spectrum m/e = 181 (M+l). 

EXAMPLE 



15 




NH HOAc 



cMrgfff-5-Cvclohexv]-2-irnino-4-methvl-piperidine. a cetic acid salt. 
lH NMR (400 MHz, CD3OD) 6 0.90 (d, 1.5H), 1.05 (d, 1.5H). 

20 

Mass spectrum m/e = 1 95 (M+l). 



25 



EXAMPLE 59 
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2-Imino-5-trifluorn-T)iDeridine..acetic acid salt 

1HNMR (400MHz, CD3OD) 8 1.83-1.97 (brm, 1H), 2.14-2.20 (brm, 
1H), 2.74-2.80 (br m, 2H), 2.86-3.00 (br m, 1H), 3.337-3.44 (m, 1H), 3.62- 
5 3.68 (q,lH). 

Mass spectrum m/e = 167 (M+l). 



EXAMPLE 60 



2-Imino-5-Cfhv1-4-methvlnviTn1idi nehvdrnchlnridi» 

15 

StgP A; Methvl 3-methv1-4-iiitmh CTfl ^ atff 

A solution of 4 g (40 mmol) of methyl crotonate and 
4.72 g (53 mmol) of 1-nitropropane in 20 mL of acetonitrile was treated 

20 with 6 mL (40 mmol) of l,8-diazobicyclo[5.4.0]undec-7-ene (DBU). 
After stirring for 22 h at room temperature the reaction mixture was 
diluted with water and acidified with 2 N HC1. The solution was 
extracted with Et20 and the Et20 layer was washed with brine, dried and 
concentrated. The residue was chromatographed on a flash column using 

25 10 % Et20-Hexane to isolate 6.41 g (85%) of the title compound. 

*H NMR (CDCI3, since stereoisomers were present multiple peaks were 
observed and ppm ranges are given): 4.44 & 4.38 (2m, 1H), 3.70 & 3.69 
(2s, 3H), 2.65-1.7 (m, 5H), 1.06 & 1.01 (2d, 3H, J=7 Hz), 0.97 (t, 3H, J=7 
30 Hz). 



SlSP-Bl S-Ethvl^m^thyl^-pvrmlidnnP 
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A solution of 4.0 g (21 mmol) of methyl 3-methyl-4- 
nitrohexanoate (from step A) in 20 mL of EtOH containing 0.4 g of Pt02 
was hydrogenated on a Parr apparatus for 3 days. The catalyst was 
5 filtered and washed with EtOH and the filtrate was concentrated. 
Vacuum distillation of the residue furnished 1.6 g (61%) of the title 
compound: bp 102-107 °C/2 mm. 

*H NMR (CDCI3, since stereoisomers were present multiple peaks were 
10 observed and ppm ranges are given): 6.9 (br s, 1H), 3.50 & 3. 1 1 (2 m, 1 
H), 2.65-1.3 (m, 5H), 1.14 & 1.04 (2d, 3H, J=7 Hz), 0.96 (t, 3H, J=7 Hz). 

StegC: l-aza-5-ethvl-2-methoxv-4-methvl-l-cvclop e nten ft 

15 To a solution of 0.254 g (2 mmol) of 5-ethyl-4- 

methyl-2-pyrrolidone (from step B) in 3 mL of CH2CI2 was added 0.355 
g (2.4 mmol) of trimethyloxonium tetrafluoroborate under a N2 
atmosphere. After stirring overnight the reaction mixtrue was quenched 
with saturated K2CO3 solution and diluted with Et20. The solution was 

20 filtered and the filtrate was concentrated. The residue was purified by 
flash chromatography using EQO-hexane to isolate 0.224 g (79%) of the 
title compound. 

*H NMR (CDCI3, since stereoisomers were present multiple peaks were 
25 observed and ppm ranges are given): 3.8 (s, 3H), 3.6-3.4 (m, 1 H), 2.7- 
0.8(m,10H). 



30 A mixture of 0. 1 g (0.71 mmol) in 3 mL of EtOH 

containing 0.03 g (0.56 mmol) of NH4CI was heated to reflux. After 4 h 
the solution was cooled and concentrated and the residue was suspended 
in EtOAc. The precipateted solid was filtered washed with EtOAc and 
dried to furnish 0.072 g (79%) of the title compound. 
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*H NMR (D2O, since stereoisomers 



were present multiple peaks were 



observed and ppm ranges are given): 3.82 & 3.50 (2 q, IH), 3.1-2.45 (m 
2 H), 2.31 & 1.64 (2 m, IH), 1.6-1.45 (m, 2H), 1.11 & 1.0 (2 d, 3H, J=7 ' 
5 Hz),0.92(t,3H,J=7Hz). 

Mass spectrum m/e = 127 (M+l) 

The following 2-imino-pyrrolidines (Examples 61-78) were prepared by 
0 the method of Example 60 by substituting appropriate nitroalkane and 
acrylate esters. 



EXAMPLE 61 




NH HCI 



2rImino-4-mRthv1nvrrnlirf; Tlr hvdmrhlnrft fr 




1, 3.22 (dd, IH), 2.97 (dd, IH), 2.65 (m, 
*). 



Mass spectrum m/e = 99 (M+l) 



25 



EXAMPLE 6? 




NH HCI 



2-Imino-4-ethvlT>vrmiirfit 1P hYimrh| r riTi r 
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102 



lH NMR (D20): 3.75 (dd, 1H), 3.31 (dd, 1H), 2.98 (q, 1H), 2.54 (m, 
2H), 1.49 (m,2H), 0.89 (t, 3H). 



5 Mass spectrum m/e =113 (M+l) 



10 



EXAMPLE 63 

CH TY 

CHa^jj^NH HCI 



2-Imino-4.5-dimethvlpvrrolidine hydrochloride 



*H NMR (D20, since stereoisomers were present multiple peaks were 
15 observed and ppm ranges are given): 4.05 & 3.69 (2 m, 1H), 2.99 & 2.94 
(2 dd, 1 H), 2.66 & 2.17 (2m, 1H), 2.54 & 2.51 (2t, 1H), 1.25, 1.13, 1.1 & 
0.99(4d\6H). 

Mass spectrum m/e =113 (M+l) 

20 

EXAMPLE 64 

CH3 

^^^U^NH HCI 

25 

2-ftifflp-4-metfiy^pr^ 

NMR (D2O, since stereoisomers were present multiple peaks were 
observed and ppm ranges are given): 3.69 & 3.30 (2 q, 1H), 1.95- 2.6 (m, 
30 3 H), 1.2-1.6 ( m, 4H), 1.08 & 0.96 (2 d, 3H), 0.90 (t, 3H). 
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Mass spectrum m/e = 142 (M+l) 

EXAMPLE ftt 




CHa^^NH HCI 
2-Iming-5-mPthv1-4-nropvlDviTn1iHin < » hvdmch1nriHp 

10 

Mass spectrum m/e = 141 (M+l) 



EXAMPLE, (ffi 

1 «J 




C2H5 Jj^ NH HCI 

2-Iminp-5-ethvl-4-nmnviDviTniiriin ff f 1 Y^| Vr hlffri^r 
20 Mass spectrum m/e = 155 (M+l) 

EXAMPLE *7 
CH3 

25 Crt^jj^NH HCI 
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Mass spectrum m/e = 127 (M+l) 



EXAMPLE 68 



5 




NH HCI 



2-Imino-5.5-dimethv1pvrrolidine hydrochloride 
10 lH NMR (D20): 2.91 (t, 2H), 2.04 (t, 2H), 1.33 (s, 6H). 
Mass spectrum m/e = 113 (M+l) 

15 EXAMPLE ff) 

CHs 



2-Imino-3.5.5-trimethvlpviTolidin e hy drochloride 

20 

Mass spectrum m/e = 127 (M+l) 



2-Imino-4-ethvl-S-methvlnvrrolidinehvdmrhinriHp 




EXAMPLE 70 




NH HCI 
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*H NMR (D2O, since stereoisomers were present multiple peaks were 
observed and ppm ranges are given): 4.08 & 3.71 (2 m, 1H), 3.1-2.4 (m, 
3 H), 1.6-1.2 (m, 2H), 1.26 & 1.11 (2 d, 3H), 0.90 (t, 3H). 

5 Mass spectrum m/e = 127 (M+l) 



EXAMPLE 71 



10 




NH HCI 



2-hnMO-4-pronv1nvTrolidiiie hvrfmphlnriHi* 

*H NMR (D2O): 3.74 (dd, 1H), 3.30 (dd, 1 H), 2.97 (dd, 1H), 2.6 (m, 
15 2H), 1.45 (q,2H), 1.31 (m, 2H), 0.88 (t, 3H). 

Mass spectrum m/e = 127 (M+l) 



20 EXAMPLE 11 

X 

^j^NH HO 
2-Imino-4-ri.m ft thv1-A t hvnpviToHdine hydrochloride 

25 

lH NMR (D20): 3.72 (t, 1H), 3.37 (dd, 1 H), 2.91 (dd, 1H), 2.63 (dd, 
1H), 2.39 (m, 1H), 1.66 (m, 1H), 0.88 (2d, 6H). 



Mass spectrum m/e = 127 (M+l) 



WO 96/14844 



PCT/US95/14812 



-106- 



EXAMPLE 73 



jj- -NH HCI 



2-Imino-4-phenvlpvrro1idine hydrochloride 



lH NMR (D20): 7.4 (m, 2H), 7.32 (m, 3H), 4.02 (dd, 1H), 3.82 (m, 1H), 
10 3.62 (m, 1H), 3.25 (dd, 1H), 2.97 (dd, 1H). 

Mass spectrum m/e = 161 (M+l) 



15 EXAMPLE 74 



^^* NH HCI 



2-IminO-3.4-dimftthvlnvrro1idine hvHmr^l^df 

20 

*H NMR (D20, since stereoisomers were present multiple peaks were 
observed): 3.74 & 3.68 (2 dd, 1H), 3.25 & 3.19 (2 dd, 1 H), 3.12 & 2.23 
(2 m, 1H), 2.68 (m, 1H), 1.27 & 1.17 (2 d, 3H, ), 1.12 & 1.0 (2 d, 3H). 

25 Mass spectrum m/e = 1 13 (M+l) 



EXAMPLE 7.5 
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CH3 



H 



NH HCI 



2-Imino-4-ethvl-3-mftrhvlpvrrolidine hydrochloride 

5 lH NMR (D2O, since stereoisomers were present multiple peaks were 
observed and ppm ranges are given): 3.77 & 3.67 (2 t, 1H), 3.32 & 3.26 
(2t, 1 H), 1.6-3.1(m, 2H), 1.51 & 1.40 (2m, 2H), 1.29 & 1.17 (2 d, 3H, ), 
0.90 (m,3H). 

10 Mass spectrum m/e = 127 (M+l) 



EXAMPLE 76 




15 



2-Imino-5-methv1-4-nronvl P vrro1idin e h ydrochloride 

*H NMR (D2O, since stereoisomers were present multiple peaks were 
20 observed and ppm ranges are given): 3.82 & 3.50 (2 q, 1H), 2.45- 3.1 (m, 
2 H), 2.31 & 1.64 (2 m, 1H), 1.45-1.6 (m, 2H), 1.11 & 1.0 (2 d, 3H, J=7 
Hz),0.92(t,3H,J=7Hz). 



Mass spectrum m/e = 127 (M+l) 

25 



EXAMPLE 77 
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NH HCI 



2-Inuno-3-azahicvc1or4.3.0^nonane hydrochloride 

5 lH NMR (D20): 3.56 (dd, 1H), 3.32 (dd, 1 H), 3.02 (q, 1H), 2.56 (q, 
1H), 1.2-2.0 (m,8H). 

Mass spectrum m/e = 139 (M+l) 



15 2-Imino-3-azabicvc1on 3 fflnctane hvrfrnchlnriA. 

lH NMR (D20): 3.82 (dd, 1H), 3.48 (dt, 1 H), 3.32 (dd, 1H), 2.98 (m, 
lH),1.4-2.1(m,6H). 

20 Mass spectrum m/e = 125 (M+l) 

The compounds of examples 79 and 80 were synthesized 
from the commercially available pyrrolidone intermediates by the 
procedure outlined in step C and D in example 60. 

25 



10 



EXAMPLE 78 




NH HO 



EXAMPLE 79 
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CHa 

^j^NH HCI 

2-Imino-3-methv1nvrm1idine hv<whinrid f 

5 lH NMR (D 2 0): 9.48 (s, 1H), 9.1 (s, 1H), 8.82 (s, 1H), 3.6 (m, 1H), 
3.28 (m, 1H), 2.37 (m, 1H), 1.78 (m, 1H), 1.40 (d, 3H). 



10 



EXAMPLE KO 

CHa^^j^NH HQ 
2-IminO-.1-mPthv1l>VITo1idin e hvdirehlnrjH f 

15 lH NMR (D20): 9.49 (s, 1H), 9.18 (s, 1H), 8.79 (s, 1H), 4.05 (m, 1H), 
3.02 (m, 1H), 2.92 (m, 1H), 2.33 (m, 1H), 1.73 (m, 1H), 1.32 (d, 3H). 



EX A MPT F Rl 

20 

CH3 Y 0^^^\ NH m 



The commercially available (S) 5-(hydroxymetoyl>2-pyrrolidone was 
acylated with acetic anhydride and the product was subjected to the 
procedure of Example 60, steps C and D to isolate the tide compound. 



WO 96/14844 



PCT/DS95/14812 



-110- 

lH NMR (D2O): 4.28 (m, 2H), 4.07 (m, 1 H), 2.92 (m, 2H), 2.37 (m, 
1H), 2.11 (s,3H), 2.0 (m, 1H). 

5 EXAMPLE 82 

^Y°^N^ NH HCI 
o H 

2-Imin9-g-(RVaggtyl9xymgthylpYiTOlidinghy^h]lori<ig 

10 

The title compound was prepared by the procedure of example 81 starting 
from (R) 5-(hydroxymethyl)-2-pyrrolidone. 

lH NMR (D20): 4.3(m, 2H), 4.09 (q, 1 H), 2.92 (m, 2H), 2.39 (m, 1H), 
15 2.10 (s,3H), 2.0 (m, 1H). 

Mass spectrum m/e =157 (M+l) 

20 EXAMPLE 83 

ho^>^X nh HC| 

2-Immo-5-(S>-hvdroxvmemvlpvrrolidine hydrochloride 

25 

A solution of 15 mg (0.078 mmol) of 2-imino-5-(S)- 
acetyloxymethylpyrrolidine hydrochloride prepared in example 81 in 3 
mL of methanol was saturated with NH3 and the solution was stirred for 
3h. The reaction mixture was concentrated and die residual solid was 
30 suspended in Et20-EtOAc, filtered and washed with Et20 and dried to 
isolate 6 mg of the title compound. 
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-111- 



lH NMR (D20): 4.10 (m, 1H), 3.70 (m, 1 H), 3.57 (m, 1H), 2.87 (m, 
2H), 2.29 (m,lH), 1.97 (m, 1H). 

5 Mass spectrum m/e= 115 (M+l) 



2-lmino-.^-(FVhYf1roxYmethv1pviTo1idinfthvdrn C hinriHe 

The tide compound was obtained from 2-imino-5-(R>- 
15 acetyloxymethylpyrrolidine hydrochloride (example ) by the method 
described in example 83. 

lH NMR (D20): 4.12 (m, 1H), 3.72 (dd, 1 H), 3.57 (dd, 1H), 2.88 (m, 
2H), 2.3 (m, 1H), 1.96 (m, 1H). 

20 

Mass spectrum m/e= 115 (M+l) 



EXAMPLF Rd 



i 



NH HCI 



EXAMPLE 85 



25 




S-Ethvl-2-imino-4-methv1-nineridin e . ace rir aHH m ft 



30 Step A: 5-Nitro^methv1- ?-trimethv1ari»rY| flm [ 
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To a mixture of 5 -nitro-4-methyl-2-aminopyridine (1.0 g, 
6.53 mmol) in 15 mL of methylene chloride was added triethylamine 
(1.14 mL, 8.16 mmol) and cooled to 0 °C. To this was added drop wise a 
5 solution of trimethylacetyl chloride (0.89 mL, 7.18 mmol) and the 
mixture allowed to warm to room temperature and stirred 72 h. The 
solution was diluted with 100 mL of methylene chloride, washed with 
saturated sodium bicarbonate, water, brine, dried (Na2S04), and 
evaporated to an amber oil. This was subjected to flash silica gel 
10 chromatography using 10% ethyl acetate/hexane as eluant to yield the 
title compound 

lH NMR (400 MHz, CDCI3): 8 1.34 (s,9H); 2.65 (s,3H); 8.18 (b,lH); 
8.29 (s,lH); 8.94 (s,lH) 

Step P; 5-Amino-4-methvl-2-trimethvlacetvlamino P vridin e 

A solution of 5-nitro-4-methyl-2- 
trimemylacetylaminopyridine (4.5 g, 18.97 mmol) in 50 mL of acetic 
20 acid containing 1 0% palladium/carbon was hydrogenated at atmospheric 
pressure for 48 h. The catalyst was removed by filtration and the filtrate 
was concentrated. The residue was coevaporated with toluene to give the 
title compound. 

25 lH NMR (400MHz, CDCI3): 8 1.29 (s,9H); 2.19 (s,3H); 7.60 (s,lH); 
8.04 (s,lH); 8.50 (b.lH) 

Step C; 5-Iodc>-4-methvl-2-trim e fhv1 acetvlaminopvridin ft 

30 A mixture of 5-amino-4-raethyl-2- 

trimethylacetylaminopyridine (1.0 g, 4.82 mmol) in 34 mL of 
diiodomethane containing isoamyl nitrite (4.0 mL, 29.77 mmol) was 
heated at 85 °C for 0.5 h, cooled to room temperature and evaporated at 
60 °C under high vacuum to give a red semi-solid. The crude material 
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was subjected to flash chromatography using 10% ether / hexane as 
eluant to give the title compound. 

lH NMR (400 MHz, CDCI3): 5 1.30 (s,9H); 2.40 (s,3H); 7.90 (b.lH); 
5 8.22 (s,lH); 8.45 (s,lH) 

Step P; 5-Ethvnvl-4-methvl-2-trimethvlacetvlaminn P vriHin^ 

To a mixture of 5-iodo-4-methyl-2- 
10 trimemylacetylaminopyridine (1 76 mg, 0.55 mmol) in tetrahydrofuran 
(0.60 ml), triethyamine (3.32 ml), 

bis(triphenylphosphine)palladium(II)chloride (4 mg), copper (I) iodide 
(1.1 mg) and (trimethylsilyl)acetylene (1 17 ul, 0.83 mmol) were added. 
The mixture was stirred at room temperature for 3 h. The mixture was 

15 diluted with chloroform (50 mL) , dried (Na2S04), and evaporated to 
give a tan solid. The crude solid was dissolved in methanol (5 mL), 
treated with IN potassium hydroxide (0.61 mL) and stirred at room 
temperature 18 h. The mixture was evaporated to dryness, taken up in 
chloroform (50 mL), dried (Na2S04), and evaporated to give a solid. The 

20 product was purified by flash chromatography using 10% ethyl acetate / 
hexane to yield the title compound. 

lH NMR (400MHz, CD3OD): 6 1.30 (s,9H); 2.45 (s,3H); 3.85 (s,lH); 
8.02 (s,lH); 8.30 (s,lH) 

25 

Mass spectrum m/e = 217 (M+l). 

Step E; 5-Rthv1-4-mftthvl.2-trim ft thv1 fl ^ t vl am i nnp vridin ft 

30 A solution of 5-ethynyl-4-methyl-2- 

trimemylacetylainmopyridine (1 15 mg, 0.53 mmol) in ethyl acetate (2 
mL) containing 10% palladium / carbon (20 mg) was hydrogenated at 
atmospheric pressure for 15 minutes. The catalyst was removed by 
filtration through a Millex-HV 0.45 urn Filter Unit and the filtrate was 
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concentrated. Purification was achieved by flash chromatography using 
10% ethyl acetate / hexane to give the title compound. 

lH NMR (400MHz, CD3OD): 8 1.20 (t,3H); 1.30 (s,9H); 2.34 (s,3H); 
5 2.65 (q,2H); 7.84 (s.lH); 8.02 (s,lH) 

Mass spectrum: m/e = 221 (M+l). 

SteoF; 5-Ethvl-4-methvl.2-aminopvridin e 

10 

A solution of 5-ethyl-4-methyl-2- 
trimemylacetylaininopyridine (192 mg, 0.87 mmol) in 2N hydrochloric 
acid (3 mL) was refluxed at 100° for 18 h. The mixture was diluted with 
water (10 mL) and washed with ether. The aqueous layer was made basic 
15 with 10% sodium carbonate and extracted with ethyl acetate. The EtOAc 
layer was dried (Na2S04) and evaporated to give the title compound. 

lH NMR (400 MHz, CD3OD): 5 1.14 (t,3H); 2.20 (s,3H); 2.50 (q,2H); 
6.42 (s,lH); 7.60 (s,3H) 

20 

Mass spectrum: m/e = 136 (M+). 

Step G; 5-Ethv1-2-imtno-4-methv1-nineridi ne . acetic ^ ga it 

25 A solution of 5-emyl-4-memyl-2-aminopyridine (42 mg, 

0.31 mmol) in acetic acid (1 mL) containing platinum oxide (25 mg) was 
hydrogenated at 40 psi for 6 h. The catalyst was removed by filtration 
through a Millex-HV 0.45um Filter Unit and the filtrate was evaporated 
to give the title compound. 

30 

lH NMR (400MHz, CD3OD): 8 0.97 (m,6H); 1.35-3.50 (m,5H); 2.63- 
3.50 (m,3H) 



Mass spectrum m/e = 141 (M+l). 
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EX AMPLE 86 



5 




NH HOAc 



2-Imino-4-methvl-5-f l-pentvlVpiperidine. acetic acid salt 

Step A: S-(l-Pentvnvn-4-methvl-2-trimethvlacetvlaminopvridine 

10 

The above compound was prepared in a similar fashion as 
Example 85, Step D, but substituting 1-pentyne in place of 
(trimethylsilyl)acetylene to yield the title compound. 

15 lH NMR (400 MHz, CD3OD): 6 1.08 (t,3H); 1.30 (s,9H); 1.65 (q,2H); 
2.40 (s,3H); 2.45 (t,2H); 7.98 (s,lH); 8.20 (s,lH) 

Step B: 5-(l-Pentv1V4-memvl-2-trimethvlacetvlaminopvridine 

20 A solution of 5-(l-pentynyl)-4-methyl-2- 

trimewylacetylammopyridine (225 mg, 0.87 mmol) in ethyl acetate (4.5 
ml) containing platinum oxide (45 mg) was hydrogenated at atmospheric 
pressure for 1.5 h. The catalyst was removed by filtration through a 
Millex-HV 0.45um Filter Unit Evaporation of the filtrate gave the title 

25 compound. 

lH NMR (400 MHz, CD3OD): 8 0.95 (t,3H); 1.33(s,9H); 1 .40 (m,4H); 
1.60 (m,2H); 2.35 (s,3H); 2.63 (m,2H); 7.84 (s,lH); 8.00 (s,lH) 

30 Mass spectrum m/e = 263 (M+ 1 ). 



StepC; 5-(l-PCTtYlH-methy1-2-anunopyridine 
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A suspension of 5-(l-pentyl)-4-methyl- 

2-trimethylacetylaniino-pyridine (233 mg, 0.89 mmol) in 2N 

hydrochloric acid (3 mL) was heated at 100 °C for 18 h. The solution wa 

5 cooled to room temperature, made basic with 20% aqueous sodium 

carbonate and extracted with chloroform. The organic layer was dried 

(Na2S04), and evaporated. The product was purified by flash 

chromatography using 2% methanol / methylene chloride to give the tide 
compound. 

lH NMR (400MHz, CD 3 OD): 8 0.90 (t,3H); 1.35 (s,4H); 1.50 (m,2H); 
2.20 (s,3H); 2.45 (m,2H); 6.40 (s,lH); 7.58 (s,lH) 

Mass spectrum m/e = 179 (M+l). 



StepP; 2-TminM-methv1-5-n-nentvn. P i pff riHi Tlf ^ etic ari H ga i, 

The above compound was prepared in a similar fashion as 
Example 85, Step G, but substituting 5-(l-pentyl)-4-methyl-2- 
aminopyridine in place of 5-e%l-4-memyl-2-animopyridine to yield the 



m NMR (400MHz, CD3OD): 0 0.93 (m,6H); 1.50-1.76 (m,4H); 2.10- 
2.43 (m,4H); 2.65-2.80 (m,2H); 2.95-3.15 (m,2H); 3.35-3.50 (m,2H) 
25 Mass spectrum: m/e = 183 (M+l). 



tide compound. 



EXAMPT F 37 



30 




^-Methvl-^-imiiinpipftriHi nehvdmrhlriri ^f 
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step A: Mrthv] ffiKitrmfiintr 

Diazomethane in ether was cautiously added to a solution of 
5 (R)-citronellic acid (17.2 g, 0. 1 M) in ether at 0© C until yellow color 
persisted. After the addition was complete, the reaction mixture was 
stirred 30 mins and the solvent was removed in vacuo to give the 
quantitative yield of the desired methyl ester as a colorless oil. 

10 lH NMR (CDQ3): 0.92(d\3H); 1.2(m,lH); 1.32(m,lH); 1.58(s,3H); 
1.65(s,3H); 1.95(m,2H); 2.1(q,lH); 2.4(q,lH); 3.64(s,3H); 5.06(UH) 

StepB; Methvl 3rRVmftthv1-5-hvrimYv carbonv1p en r fl nn fl fP 

15 A stream of 4% ozone in oxygen was passed through a 

solution of methyl (R)-citroneIlate (7 g, 39 mmol) in 140 mL of glacial 
acetic acid at room temperature for 45 mins. 14 mL of 30% hydrogen 
peroxide was then added and the reaction mixture was heated to reflux 2 
hrs. Solvent was removed in vacuo to afford 6.5 g of the desired acid as a 

20 colorless oil. 

1HNMR(CDC13): 0.94(d,3H); 1.52(m,lH); 1.69(m,lH); 1.98(m,lH); 
2.15(q,lH); 2.3(q,lH); 2.36(m,2H) 

25 SEP G Methvl 3fRVmethvl-S-b e n7.v1nYvr«.rfi 0 nvl a minn pfintano atfi 

Diphenyl phosphoryl azide (5.3 mL, 24.53 mmol) was added 
to a mixture of methyl 3(R)-methyl-5-hydroxycarbonyl pentanoate (3.88 
g, 22.3 mmol) and triemylamine (3.45 mL, 24.53 mmol) in 22 mL of p- 
30 xylene. The mixture was then stirred 1 hr at 80° C. 4.5 mL (45 mmol) of 
benzyl alcohol was then added and the mixture was heated at reflux for 4 
hr . The reaction miture was cooled, diluted with ethyl acetate and 
washed with water, and sodium chloride and dried over ahydrous 
magnesium sulfate. Solvent removal gave a crude product, which was 
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purified on silica gel using 10% ethyl acetate in hexane as solvent to 
afford 3.9 g of the desired carbamate as an oil. 

lH NMR (CDC13): 0.95(d,3H); 1.4(m,lH); 1.62(m,lH); 2.02(m,lH); 
5 2.18(q,lH); 2.3(q,lH); 3.22(m,2H); 3.65(s,3H); 5.07(s,2H); 7.3(m,5H) 

Step D: 3(RVMethvl-5-benzvloxvcarbonvlamino pentanoic acid 

A 2N sodium hydroxide (7.5 ml, 15 mmol) solution was 

10 added to 3.9 g (14 mmol) of methyl 3R-methyl-5- 

benzyloxycarbonylamino pentanoate in 70 mL of 2:1 mixture of 
methanolrwater. This mixture was then heated 1 hr at 60° C and 7.5 mL 
of 2N hydrochloric acid was added after cooling. Most of the volatiles 
were removed in vacuo. The remaining mixture was extracted with ethyl 

15 acetate. The combined ethyl acetate extracts were dried over anhydrous 
magnesium sulfate. Solvent removal afforded 2.9 g of the desired acid 
as an oil. 

*H NMR (CDCI3): 0.98 (d,3H); 1.42(m,lH); 1.56(m,lH); 2.02(m,lH); 
20 2.2(m,lH); 2.35(m,lH); 3.2(m,2H); 5.08(s,2H); 7.3(m,5H) 

Step E; 4rRVMethvl-1-benzvloxvcartx)nvl.2-piperidone 

Ethyl chloroformate (1.92 mL, 20 mmol) was added 
25 dropwise to a solution of 3(R)-memyl-5-benzyloxycarbonylamino 

pentanoic acid (2.65 g, 10 mmol) and triethyl amine (2.8 mL, 20 mmol) 
in 50 mL of ethyl acetate at 0° C. After stirring 1 hr at room temperature, 
the solids formed were filtered and washed with ethyl acetate. The 
filtrate was concentrated to give an oil which was taken up in 45 mL of 
30 toluene. This solution was heated to reflux for 4 hr. Solvent was then 
removed in vacuo and the residue was purified on silica gel using 20% 
ethyl acetate in hexane as solvent to give 1.39 g of the desired lactam as 
an oil. 
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lH NMR (CDC13): 1.02(d,3H); 1.44(m,lH); 2.0(m,3H); 3.62(q,lH); 
3.55(q,lH); 3.88(q,lH); 5.28(2H); 7.35(m,5H) 

StenF: 4raiMethvl-2-pir«>rirW 

5 

10% Palladium hydroxide on carbon (350 mg) was added to 
a solution of 4(R)-Methyl-l-benzyloxycarbonyl-2-piperidone (1.3 g) in 
20 mL of methanol and the mixture was hydrogenated on Parr shaker at 
50 psi and room temperature. After 4 hrs, the catalyst was filtered and 
10 washed with methanol. The filtrate was concentrated to give 700 mg of 
the crude product which was purified on silica gel using 5% methanol in 
ethyl acetate as solvent to give 510 mg of the desired lactam as a white 
solid. 

15 lH NMR (DMSO): 0.92 (d,3H); 1.26 (m,lH); 1.75(m,3H); 2.18(q,lH); 
3.12 (m,2H) 

Step G: 4rR VMpfhvl-7.j m inn niperirtin* hydrochloride 

20 The title compound was prepared from 4R-methyl-2- 

piperidone as described in Examples 2 and 3. 

lH NMR (DMSO): 0.96(d,3H); 1.25(m,lH); 1.75(m,lH); 1.85(m,lH); 
2.15(q,lH); 2.55(q,lH0; 3.24(m,lH); 3.34(m,lH); 8.28(b,lH); 
25 8.62(b,lH);9.35(b,lH) 



EXAMPT.R RR 



CH3 

d 



30 H 



NH HCI 



4(SVMethvl-2-iminonineridine hydrochloride 
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The title compound was synthesized according to the 
procedure of Example 87 starting with (S)-citronellic acid. 

5 

EXAMPLE 89 

pj^NH HCI 

10 SfRVMethvl-l-iTninnnineriditi.. hvrtm«*1nri*> 

StCT A; 2fR>.6-nimethvl-l-benzvloxvcarfaonvlamino-5-heptene 

Diphenylphosphoryl azide (14 mL, 65 mmol) was added 
15 dropwise to a solution of (R)-citroneUic acid (lOg, 59 mmol) and 

triethylamine (9.1 mL, 65mmol) in 60 mL of toluene. The mixture was 
heated for 1 hr at 80° C. 12 mL (120 mmol) of benzyl alcohol was added 
and the mixture was heated to reflux for 4 hrs. The reaction mixture was 
cooled, diluted with ethyl acetate and washed with water, saturated 
20 sodium chloride solution. After drying over anhydrous magnesium 
sulfate, the solvent was removed in vacuo to give a crude product which 
was purified on silica gel using 5% ethyl acetate in hexane as solvent to 
afford 9.8 g of the desired carbamate as a thick oil. 

25 lH NMR (CDC13): 0.89(d,3H); 1.13(m,lH); 1.35(m,lH); 1.5(m,lH); 
1.6(m,lH); 1.58(s,3H); 1.66(s,3H); 1.98(m,lH); 3.0(m,lH); 3.14(m,lH); 
5.06(m,lH); 5.08(s,2H); 7.35(m,5H) 

Step B: 5rRVMethvl-l-ben7vln xvcaibonvl-2-piperidone 

30 

Ozone in oxygen (4%) was passed through a solution of 2- 
(R),6^dimemyl-l-benzyloxycai^nylaniino-5-heptene (9.8 g) in 150 mL 
of methylene chloride at -78° C until the blue color persisted. Nitrogen 
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was then bubbled for 15 mins. 16 mL of dimethyl sulfide was added and 
the mixture was stirred 1 hr as it warmed to room temperature and then 
concentrated to give a residual oil. This was taken up in 100 mL of 
acetone and cooled in ice bath. Jones reagent was added dropwise until 
5 orange color was sustained. After stirring 30 mis, 4 mL of isoprpopyl 
alcohol was added and the mixture was stirred for an additional 15 mins. 
Solvent was then removed in vacuo and the residue was stirred with 
water and ethyl acetate. The organic phase was separated and the 
aqueous phase was extracted with ethyl acetate. The combined ethyl 
1 0 acetate extracts were dried over anhydrous magnesium sulfate and the 
solvent was removed in vacuo. The resulting residue was purified on 
silica gel using first 10% ethyl acetate in hexane as solvent to give 2.0 g 
of 5(R)-methyl-l-benzyloxycarbonyl-2-piperidone as an oil. 

15 lH NMR (CDC13): 1.02(d\3H); 1.45(m,lH); 1.87(m,lH); 1.94(m,lH); 
2.54(m,2H); 3.16(q,lH); 3.88(q,lH); 5.26(s,2H); 7.36(m,5H) 

Further elution of the column with 1 % methanol in ethyl 
acetate gave 5.8 g of 3(R>methyl-N-(benzyloxycarbonyl)-N-formyl-4- 
20 aminobutanoic acid as a thick oil, which can be utilized in the synthesis 
of 4-(R)-2-imino-4-methylpyrrolidne. 

Step C: 5(R VMi.thvl-^.pi^n^nf 

25 10% Palladium hydroxide on carbon (700 mg) was added to 

a solution of 4(R>memyl-l-benzyloxycarbonyl-2-piperidone (2.0 g) in 
40 mL of methanol and the mixture was hydrogenated on Parr shaker at 
50 psi and room temperature. After 4 hrs, the catalyst was filtered and 
washed with methanol. The filtrate was concentrated to give 1.4 g of the 

30 crude product, which was purified on silica gel using 5% methanol in 
ethyl acetate as solvent to give 1 g of the desired lactam as a white solid. 



lH NMR (CDC13): 1.0(d,3H); 1.45(m,lH); 2.86(m,2H); 2.38(m,2H); 
2.9(q,lH); 3.3(q,lH)6.6(b,lH) 
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Step D; 5(RVMethvl-2-iminopiperidine hydrochloride 

The title compound was synthesized from 5(R)-methyl-2- 
5 piperidone according to the procedure described in Examples 2 and 3. 

*H NMR (DMSO): 0.93(d,3H); 1.34(m,lH); 1.76(m,2H); 2.54(q,2H); 
2.8(q,lH); 3.32(m,lH); 8.35(b,lH); 8.68(b,lH); 9.42(b,lH). 

10 

EXAMPLE 90 
Pj NH HCI 

15 5(SVMethv1-2-iminopiperidinehvdroch1nridfi 

The title compound was prepared by the method of example 89 
starting with (S)-citronellic acid. 



20 



EXAMPLE 91 
CH3 



CH3 



^^NH Ha 



25 4(S).5a^)-Dimemvl-2-imino-piperidinehvdmrhlnrirf < >- 

Step A:(£iritmn ft 11n Y 1 ghjfirjdg 



30 



Oxalyl chloride (8.1 mL, 92 mmol) of was added to 14.4 g 
(83.75 mmol) of (S)-Citronellic acid in 150 mL of methylene chloride at 
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0 °C. 12.9 mL (92 mmol) of triethylamine was then added dropwise 
cautiously so that the gases evolved can be vented effectively. After the 
addition was complete, the mixture was stirred 1 hour at the same 
temperature. After dilution with 300* mL of ether, the solids precipitated 
5 were filtered and washed with ether. The filtrate was concentrated to 
give a brown liquid. This was dissolved in ether and the small amount of 
solid was filtered and washed with ether. The filtrate was concentrated in 
vacuo to give almost quantitative yield of the desired acid chloride as 
brown oil. 

10 

lH NMR (CDC13): 1.0(d, 3H); 1.58(s,3H); 1.68(s,3H); 2.66 & 2.88(2q; 
2H); 5.05(t,lH) 

Step B; 3f3fS).7-Dimethvl-6K)cteiiovlV4rRV P henv1 n i e fhv1-2- 
15 pxasolidinone 

A 1.6M solution of n-butyllithium (52 mL, 83 mmol) was 
added dropwise to a solution of 4R-phenylmethyl-2-oxazolidinone 
(13.3g, 75 mmol) in 150 mL of THF at -78 °C. The reaction mixture was 

20 stirred for 1 5 min after the addition and a solution of the above S- 
citronelloyl chloride in 50 mL of THF was added dropwise and the 
mixture was stirred for 15 min at mat temperature. The cooling bath was 
removed and the mixture was allowed to warm to room tempoerature and 
stirred 1 hr at room temperature. After quenching with saturated 

25 ammonium chloride solution, die reaction mixture was partitioned 
between IN hydrochloric acid and ethyl acetate. The ethyl acetate 
extracts were washed with saturated sodium chloride solution and dried 
over anhydrous magnesium sulfate. Solvent removal gave an oil which 
was chromatographed on silica gel using 10% ethyl acetate in hexane as 

30 solvent to give the title compound in 65% yield. 



*H NMR (CDCI3): 1.0(d,3H); 1.6(s,3H); 1.66(s,3H); 2.74(q,lH); 
2.85(m;2H); 3.3(q,lH); 4.15(naH); 4.66(m,lH); 5.08(t,lH); 7.28(m^H) 
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SteP C; 3(2m).3(Sy7-Trimethv1.6-octenovlV4(RVnh e nv1mPthyl.9- 
oxazolidinone 

55 mL (55 mmol) of 1M solution of sodium 
5 bis(trimethylsilyl)amide in THF was added dropwise to a solution of 15 g 
(45.4 mmol) of 3(3(S) J-(iimethyl-6-octenoyl)-4(R)-phenylmethyl-2- 
oxazolidinone in 120 mL of THF at -78 °C. The reaction mixture was 
stirred 30 mins at that temperature and 21 mL (333 mmol) of methyl 
iodide in 20 mL of THF was added dropwise. The resulting mixture was 

10 stirred 1 day at -78 °C. After warming to room temperature, the reacton 
mixture was quenched with ammonium chloride solution and partitioned 
between IN hydrochloric acid and ethyl acetate. The ethyl acetate 
extracts were washed with sodium thiosulfate solution, saturated sodium 
bicarbonate solution, brine and dried over anhydrous magnesium sulfate. 

15 Solvent removal afforded essentailly pure desired methylated 
oxazolidinone derivative in quantitative yield. 

lH NMR (CDC13): 0.88(d, 2H); 1.13(d\3H); 1.58(s,3H); 1.66(s,3H); 
2.75(q,lH); 3.26(q,lH); 3.68(m,lH); 4.15(m,2H); 4.63(m,lH); 
20 5.08(UH)7.25(m,5H) 

StenD: 2(RV\(to 7.Tri w thv1-6-o C ten- 1-nl 

A solution of 6.8 g (20 mmol) of 3(2(R),3(S),7-trimethyl-6- 
25 octenoylH(R>phenylmemyl-2-oxazohdinone in 30 mL of THF was 
added dropwise to a suspension of 1.634 g (43 mmol) of lithium 
aluminum hydride in 40 mL of THF at 0 °C. The reaction mixture was 
then stirred 6 h at ambient temperature The reaction mixture was then 
recooled in ice bath and 5 mL of methanol was added dropwise very 
30 cautiously. After the effervescence subsided, the reaction mixture was 
concentrated to about 30% of the original volume The reaction mixture 
was then stirred with saturated solution of potassium sodium tartrate and 
extracted with ethyl acetate. The combined ethyl acetate extracts were 
dried over anhydrous magnesium sulfate. Solvent removal afforded a 
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crade oil, which was purified on silica gel using 10% ethyl acetate in 
hexane as solvent to give 2.0 g (62%) of the desired alcohol as a colorless 
oil. 

5 lH NMR (CDC13): 0.78(d\ 2H); 0.79(o\2H);1.6(s,3H); 1.66(s,3H); 
3.44(q,lH); 3.54(q,lH); 5.1(t,lH) 

SteP E; 2rR\3fS^7-Trimethvl-6-octen-l-methanesulfonate 

10 To a solution of 510 mg (3 mmol) of 2(R),3(S),7-trimethyl- 

6-octen-l-ol in 3 mL of pyridine at ice bath temperature 0.7 mL (9 mmol) 
of methanesulfonyl chloride was dropwise added. The mixture was men 
stirred for 8 hrs at room temperature. After diluting with ethyl acetate, 
the reaction mixture was washed with saturated sodium bicarbonate, IN 

15 citric acid and water. After drying over anhydrous magnesium sulfate, the 
solvent was removed to give 722 mg of the desired mesylate as a yellow 
oil. 

*H NMR (CDC13): 0.8(d,3H); 0.87(d,3H); 1.6(s,3H); 1.67(s,3H); 
20 2.98(s,3H); 4.02(q,lH); 4.13(q,lH); 5.06(t,lH) 

StePF; 2(R).3rSV7-TrilTlPthv1-l- a2 idn-6-nr ; f ft n ft 

975 mg (15 mmol) of sodium azide was added to a solution 
25 of 2(R),3(S),7-trimethyl-6-octen- 1-methane sulfonate (720 mg, ~3 mmol) 
in 6 mL of N,N-dimethylformamide and the mixture was heated 
overnight at 80° C. The reaction mixture was diluted with ethyl acetate 
and washed several times with saturated sodium chloride solution. After 
drying over anhydrous magnesium sulfate, the solvents were removed in 
30 vacuo to give crude azide as an oil. This material was purified on silica 
gel using 30% ether in hexane as solvent to give 545 mg of the desired 
azide as a colorless oil. 
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lH NMR (CDCI3): 0.78(d,3H); 0.84(d,3H); 1.59(s,3H); 1.66(s,3H); 
3.1(q,lH); 3.21(q,3H); 5.07(t,lH) 

Step G: imYMSYl-TnmethvUUaminn-fi-nrtn* 

5 

6.3 mL (6.3 mmol) of 1M lithium aluminum hydride in THF 
was added dropwise to a solution of 2(R),3(S),7-trimethyl-l-azido-6- 
octene in 10 mL of THF at 0° C. The reaction mixture was heated to 
reflux 18 hrs. After cooling in ice bath, - 1 mL of methanol was added 

1 0 dropwise cautiously. After the effervescence stopped, the reaction 
mixture was concentrated to 30% of the volume and IN solution of 
potassium sodium tartrate was added. After stirring 15 mins, the reaction 
mixture was extracted with ethyl acetate. The combined ethyl acetate 
layers were dried over anhydrous magnesium sulfate and the solvent was 

1 5 removed to give 399 mg of the desired amine as an oil. 

lH NMR (CDCI3): 0.76(d,3H); 0.78(d,3H); 1.60(s,3H); 1.67(s,3H); 
2.49(q.lH); 2.62(q,lH); 5.1(t,lH) 

20 Step H; 2^y^fS).7-Trimemv1-l-h e nrvlnYvr a riv > nv1 a minn.^ti>n>> 

Separate solutions of 2(R),3(S),7-trimemyl-l-amino-6- 
octene (0.87 g, 5.2 mmol) in 8 mL of dioxane, and benzyl chloroformate 
(0.86 mL, -6 mmol) in 8 mL of dioxane were added dropwise 

25 simultaneously to a stirred solution of 1 .05 g (10.5 mmol) of potassium 
hydrogen carbonate in 20 mL of water at 0° C. After the additions, the 
mixture was stirred 8 hrs at room temperature. Most of the volatile 
solvents were removed in vacuo. The remaining reaction mixture was 
extracted with ethyl acetate. The combined organic phases were dried 

30 over anhydrous magnesium sulfate. Solvent removal gave the crude 
product which was purified on silica gel using 10% ethyl acetate in 
hexane as solvent to give 1.4 g of the desired carbamate as a colorless oil. 
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lH NMR (CDQ3): 0.77(d,6H); 1.18(m,lH); 1.3(m,lH); 1.5(m,lH); 
1.6(s,3H); 1.66(s,3H); 1.95(m,2H); 3.04(m,lH); 1.12(m,lH);4.7(b,lH); 
5.08(s&m,3H)7.34(m,5H) 

5 Step I; 4(S)n^(R)-I^mcthvl-(vhenzvloxvcari)onvlamino-hex a n-1- a 1 

A stream of 4% ozone in oxygen was bubbled through a 
solution of 1.79 g (-6 mmol) of 2(R),3(S),7-trimethyl-l- 
beiizyloxycarbonylamino-6-octene in 25 mL of methylene chloride at 

10 -78° C until blue color persisted. Nitrogen gas was bubbled through the 
reaction mixture at the same temperature for 15 min. 3 mL of dimethyl 
sulfide was added and the mixture was stirred 15 mins and then warmed 
to 0° C. The solvents and other volatile materials were removed under 
house vacuum. Traces of solvent were then removed in vacuo to give 1.3 

15 g of the desired aldehyde as a thick oil. 

lH NMR (CDC13): 0.8(2d,6H); 1.48 & 1.54(m,4H); 2.42(m,2H); 
3.04(m,lH); 3.14(m,lH); 5.08(s,2H); 7.34(m,5H); 9.74(s,lH) 

20 SteP J; BfR^^.SVDimethvl-l-h^^Qxv^nvU? q 4 S-tetrahvrfrn- 
azepine 

A mixture of 1.2 g (-4.2 mmol) of 4(S),5(R)-dimethyl-6- 
benzyloxycarbonylamino-hexan- 1 -al, 1.26 mL (13.2 mmol) of acetic 
25 anhydride and 120 mg (1 .2 mmol) of potassium acetate was heated at 160 
°C for 2 hours . Excess acetic anhydride was removed in vacuo and the 
residue was purified on silica gel using 20% ethyl acetate in hexane as 
solvent to give -190 mg of the desired azepine derivative as an oil. 

30 lH NMR (CDC1 3 ): 0.95 & 1.0 (2d,6H); 2.0(m,lH); 2.17(m,lH); 

3.64(m,lH); 3.74(m,lH); 4.9(m,lH); 5.1(s,2H); 6.6(m,lH); 7.35(m.lH) 



Step K: 3rS\4rR%nim^h Y l-ff-nienzv1nxv Ca H )onvnfonniniidn-1. 

Bfintanoie acid 
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A stream of 4% ozone in oxygen was bubbled through a 
solution of 130 mg (0.5 mmol) of 3(R),4(S>dimethyl-l- 
benzyloxycarbonyl-2 v 3,4,5-tetrahydroazepine in 5 mL of glacial acetic 
5 acid at room temperature for 10 mins. 0.3 mL of 30% hydrogen peroxide 
was added and the mixture was heated to reflux 2 hrs. The solvent was 
removed and the traces were azeotroped with toluene to give 100 mg of 
the desired acid as a thick oil. 

10 lH NMR (CDCI3): 0.76(d,3H); 0.87(d,3H); 1.9(m,lH); 2.0(m,lH); 
2.18(q,lH); 2.32(q,lH); 3.5(q,lH); 3.6(q,lH); 5.28(s,2H); 7.37(m,5H); 
9.26(s,lH) 

SteP L; 3(S>.4fR)-Dimethvl-6-benzvloxvcarbonvlamino-l-pentanoic 
15 acid 

A solution of 2N sodium hydroxide (0.4 mL, 0.8 mmol) was 
added to a solution of 90 mg (0.3 mmol) of 3(S),4(R)-dimethyl-6- 
(benzyloxycarbonyl)formamido-l-pentanoic acid in a mixture of 2 mL of 
20 methanol and 1 mL of water. This mixture was heated 2 hrs at 60° C. 
The reaction mixture was cooled and 0.4 mL of 2N hydrochloric acid was 
added. Solvents were removed and the residue was extracted with ethyl 
acetate. The organic layer was dried over anhydrous magnesium sulfate 
and the solvent removal afforded 62 mg of the desired acid as an oil. 

25 

lH NMR (CDCI3): 0.82(<L3H); 0.88(d,3H); 1.68(m,lH); 2.08(m, 1H); 
2.2(m.lH); 2.35(m,lH); 3.1(m,2H); 5.1(2H); 7.3(m,5H) 

Sten M: 4rSV5n?Vnin,Pth vl.2-pip e ridon e 

30 

Ethyl chloroformate (0.048 mL, 0.5 mmol) was added to a 
solution of 3(S),4(R>dmiemyl-6-benzyloxycarbonylamino-l-pentanoic 
acid (62 mg, 0.25 mmol) and triethylamine (0.07 mL, 0.5 mmol) in 2 mL 
of ethyl acetate cooled in ice bath. After stirring 1 hr, the solids were 
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filtered and washed with ethyl acetate. The filtrate was concentrated to 
give the carbonate as oil. 2 mL of toluene was added to this resiue and 
heated to reflux 5 hrs. The solvent was then removed in vacuo to give the 
N-protected lactam as oil. 25 mg of palladium hydroxide was added to a 
5 solution of the above residue in 2 mL of methanol and the mixture was 
hydrogenated 4 hrs on a Parr shaker. The catalyst was filtered and 
washed with methanol. The filtrate was concentrated to give 3 1 mg of 
the desired lactam as a waxy solid. 

10 lH NMR (CDC13): 0.95(d,3H); 0.97(d,3H); 1.54(m,2H); 1.98(m,lH); 
2.44(m,lH); 2.9(m,lH); 3.25(m,lH). 

Step N: 4fS).S(R)-Dimethv1-2-imino D iDeridin e hydrochloride 

15 The title compound was prepared from 4(S),5(R)-Dimethyl- 

2-piperidone according to the procedure described in examples 2 and 3. 

lHNMR(DMSO): 0.89(d,3H); 0.93(d,3H); 1.50(m^H); 2.20(m,lH); 
2.55(m,lH); 2.83(m,lH); 8.3(b,lH); 8.65(b,lH); 9.40(b,lH) 

20 

Specific rotation = +62.8° (c=0.21, EtOH) 

EXAMPLE 92 

c *rx 

4(R).5(SVPimethvl-2-imino-piperidine hydrochloride: 



30 



The title compound is prepared according to the procedure 
of Example 89 starting with (R)-citronellic acid and 4(S)-phenylmethyl- 
2-oxazolidinone. 
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Specific rotation = -65.2° (c=0.21, EtOH) 



EXAMPLE 93 



5 



CHa 




NH HCI 



4(S).5fS)-Dimethv1-2-iinino-ni n eridinehvdmrhlnriHP- 

1 0 The title compound is prepared according to the procedure 

of Example 91 starting with (S)-citronellic acid and 4(S)-phenylmethyl-2- 
oxazolidinone. 

lH NMR (DMSO): 0.84(d,3H); 0.86(d,3H); 1.98(m,lH); 2.26(m,lH); 
15 2.64(m,lH); 2.98(m,lH); 7.25(b,lH); 8.25(b,lH); 8.64(b,lH) 

Specific rotation = -23° (c=0.2, EtOH) 



The title compound is prepared according to the procedure 
of Example 91 starting with (R)-citronellic acid and 4(R)-phenylmethyl- 
2-oxazolidinone. 



EXAMPLE OA 




NH HCI 



4fR).5fR)-Dimethvl-2-imino-T>in e ridin ft hyH^^ri ^ ff : 
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Specific rotation = +25° (c=0.22, EtOH) 



EXAMPLE 95 

5 




NH HCI 



2-fain0-5fSVmgth0XV-4fS)-niethvl-piperidin e hydrochloride. 

10 

SteP A; 5-O-^rr-RntvldimethvlQilvl-? ^-didenxv-n-y/v rgr/vpent-2-ftnn- 
1.4-lactone 

To a solution of 2,3-dideoxy-D-£/yc*ro-pent-2-eno-l,4- 
15 lactone (580 mg, 5.08 mmol) in dry N^^Limethylformamide (DMF) (7 
mL) were added triethylamine (1.06 mL, 7.60 mmol) and 
4-dimethylaminopyridine (63 mg, 0.51 mmol). The reaction mixture was 
cooled in an ice-bath, and r«t-butyldimethylsilyl chloride (1 .02 g, 6.77 
mmol) was added. The mixture was allowed to attain room temperature 
20 and stirred an additional 3 hours. The mixture was then diluted with 
diethyl ether, washed with water, 2N hydrochloric acid, saturated sodium 
bicarbonate solution, saturated brine solution, dried (Na2S04), and 
evaporated. This procedure was repeated with 600 mg (5.26 mmol) of 
2,3-dideoxy-D-g/ycero-pent-2-eno-l,4-lactone. The two runs were 
25 combined after workup, and the product was purified by flash 

chromatography eluting with 15% acetone in hexane. The resulting oil 
crystallized upon standing; yield 1.65 g (70%). 



30 



lH NMR (400 MHz, CDCI3): 8 0.03 (s, 3H), 0.05 (s, 3H), 0.85 (s, 9H), 
3.78 (dd, 1H), 3.91 (dd, 1H), 5.03 (m, 1H), 6.14 (dd, 1H), 7.48 (dd, 1H). 
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Step B: 23-Dideoxv-^.C. m ethv1-5.Q-terf-butv1dime thv1si1vl.D-grvr/iro- 
pentono-1.4-1actnne 

To a vigorously stirred suspension of copper(I) bromide- 
5 dimethyl sulfide complex (7.42 g, 36. 1 mmol) in diethyl ether (80 mL) 
was added methyllithium (51 mL of a 1.4M solution in hexane, 71.4 
mmol) over 5-6 minutes. The resulting solution was cooled to -23°C 
(CCl4/dry ice bath), and a solution of 5-0-te/t-butyldimethylsilyl-2,3- 
dideoxy-D-gfycero-pent-2-eno-l,4-lactone (1.65 g, 7.22 mmol) was 

10 added in one portion. The suspension was stirred at -23°C for 20 minutes 
and quenched by the cautious addition of saturated aqueous ammonium 
chloride (39 mL). The mixture was transferred to a separatory funnel and 
shaken vigorously to break down excess reagent. The organic layer was 
washed with saturated brine solution, dried (MgS04), and evaporated. 

15 The product was purified by flash silica gel chromatography eluting 
initially with 5% ethyl acetate in hexane and subsequently with 10% 
ethyl acetate in hexane; yield 1.42 g (80%). 

lH NMR (400 MHz, CDCI3): 8 0.04 (s,3H), 0.06 (s, 3H), 0.88 (s, 9H), 
20 1.16 (d, 3H), 2.1 1 (dd, 1H), 2.52 (m, 1H), 2.77 (m, 1H), 3.71 (dd, 1H), 
3.82 (dd,lH), 4.08 (m, 1H). 

Step C; 2.3-Dideoxv-3-C-methvl-D-gntfAro-pentonQ-l 4-1actnne 

25 2,3-IMdeoxy-3-C-memyl-5-0-rm-butyldimethylsilyl-D- 
eryth ro-pentono-l,4-lactone (1.4 g, 6.13 mmol) was treated with tetra-n- 
butylammonium fluoride (8.7 mL of a 1.0M solution in tetrahydrofuran, 
8.7 mmol) for 90 minutes at room temperature. The reaction mixture was 
evaporated, and the crude product subjected to flash silica gel 

30 chromatography eluting initially with 15% acetone in hexane and 
subsequently with 25% acetone in hexane. Pure title compound was 
obtained as an oil; yield 710 mg (89%). 
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lH NMR (400 MHz, CDCI3): 6 1.16 (d, 3H), 2.21 (dd, 1H), 2.50 (m, 
lH),2.72(dd,lH). 

STEP D; 5-A?;ido-?,.3.S-trideoxv-3-C-methvl-D- grv/ytro-pentono-l .4- 
5 lactone 

To a solution of 2,3-(tideoxy-3-C-methyl-D-eryr/ir0- 
pentono-l,4-lactone (490 mg, 3.76 mmol) in methylene chloride (10 mL) 
cooled in an ice-bath were added 2,6-lutidine (501 mL, 4.30 mmol) and 

10 trifluoromethanesulfonic anhydride (682 mL, 4.05 mmol). The reaction 
mixture was stirred at 0°C for 30 minutes, diluted with methylene 
chloride, washed with water, 2N hydrochloric acid, saturated sodium 
hydrogen carbonate solution, saturated brine solution, dried (Na2S04), 
and evaporated. The crude product was taken up in DMF (6 mL) and 

15 treated with sodium azide (856 mg, 13.2 mmol) at room temperature for 
30 minutes. The mixture was diluted with ethyl acetate, washed with 
water, dried (Na2S04), and evaporated. The pure title compound was 
obtained after flash chromatography eluting with 25% ethyl acetate in 
hexane; yield 358 mg (61%). 

20 

lH NMR (400 MHz, CDCI3): 5 1.15 (d, 3H), 2.21 (dd, 1H), 2.42 (m, 
1H), 2.74 (dd, 1H), 3.44 (dd, 1H), 3.60 (dd, 1H), 4.15 (m, 1H); mass 
spectrum: 128 (M+l - N2). 

25 STEP E: 5(SlHvdm*v-4rS Wthvi-2-pippriHnn. 

A solution of 5-azido-2,3,5-trideoxy-3-C-methyl-D-«rvrAro- 
pentono-l,4-lactone (358 mg, 2.31 mmol) in methanol (4 mL) was 
hydrogenated under a balloon atmosphere of hydrogen gas in the 
30 presence of 10% palladium-on-charcoal (50 mg) overnight at room 

temperature. The catalyst was then removed by filtration through Celite, 
and the filter washed with methanol. The combined filtrate and washings 
were evaporated, and the resulting product crystallized upon standing; 
yield 128 mg (43%). 
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lH NMR (400 MHz, CDCI3): 8 1.03 (d, 3H), 2.05 (m, 1H), 2.17-2.28 (m, 
2H), 3.27 (dd, 1H), 3.40 (dd, 1H), 3.86 (m, 1H); mass spectrum: 130 
(M+l). 

5 

STEP F; 2-Tmino-5rSVmethoxv-4rS>-methv1-ni pe ridin ft hydrochloride 

To a solution of 5(S)-hydroxy-4(S)-methyl-2-piperidone 
(1 19 mg, 0.921 mmol) in methylene chloride (3 mL) was added 

10 trimethyloxonium tetrafluoroborate (285 mg, 1.93 mmol). The reaction 
mixture was stirred for 24 hours at room temperature. Thin-layer 
chromatography (10% MeOH/CH2Cl2) indicated the formation of two 
more mobile products: the 5-methoxy-4-methyl imino-methyl ether and 
the 5-hydroxy-4-methyl imino-methyl ether. The mixture was diluted 

1 5 with ethyl acetate, washed with saturated sodium hydrogen carbonate 
solution, saturated brine solution, dried (MgS04), and carefully 
evaporated (bath temperature <15°C) to avoid loss of the volatile imino 
ethers. The crude product mixture in ethyl acetate was applied to a 
column of silica gel (packed as a slurry in 4% methanol/CH2Cl2). Rapid 

20 elution with 4% methanol/CH2Cl2 afforded the 5-methoxy-4-methyl 
imino-methyl ether (yield - 16.7 mg), and subsequent elution with 10% 
MeOH/CH2Cl2 afforded the 5-hydroxy-4-methyl imino-methyl ether 
(yield -13.6 mg). Evaporations of the column fractions containing 
product was performed with extreme caution to avoid loss of the volatile 

25 imino ethers. 

The 5-methoxy-4-methyl imino-methyl ether (-16.7 mg) 
was treated with ammonium chloride (4.5 mg) for 4 h in refluxing EtOH 
(2 mL). The reaction mixture was evaporated, and the resulting solid 
dried in vacuo-, yield 14.3 mg. 

30 

lH NMR (400 MHz, CDCI3): 5 1.10 (d, 3H), 2.12 (m, 1H), 2.40 (dd, 
1H), 2.53 (dd, 1H), 3.40 (s, 3H), 3.52 (m, 1H), 3.67 (dd, 1H). 



Mass spectrum m/e = 143 (M+l). 
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EX AMPLE % 



HO, 




NH HCI 



20 



Z-IminO-SfS^-hvdroxv^fSVmethvl-piperidine hydrochloride. 

The 5-hydroxy-4-methyl-imino methyl ether from Step F of 
Example 95 (-13.6 mg) was treated with ammonium chloride (4.4 mg) in 
refluxing EtOH (2 mL) for 4 h . The reaction mixture was evaporated, 
and resulting solid dried in vacuo; yield 9.5 mg. 

lH NMR (400 MHz, CDCI3): 8 1.10 (d, 3H), 2.08 (m, 1H) ,2.47 (dd, 
1H), 2.55 (dd, 1H), 3.40 (dd, 1H), 3.50 (dd, 1H), 3.93 (m, 1H). 

Mass spectrum m/e = 129 (M+l). 



2-Imino-5fSVmethoxv.4rR^niethvl-piperidi ne hydrochloride 



EXAMPLR07 




SiSHAl 2.3-Dideoxv-3.C-methv1.S-n-tert-hutvldiiTi e thvki1v1-n. 

//trg^pemonol .4-lactone 
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The title compound was prepared according to the method 
described by S. Hanessian and P.J. Murray for the corresponding 5-0- 
tert-butyldiphenylsilyl derivative [Tetrahedron: 43, 5055-5072, 1987]. 

5 lH NMR (400 MHz, CDC13): 6 0.04 (s, 3H); 0.05 (s, 3H); 0.87 (s, 9H); 
1.17 (d, 3H); 2.37 (dd, 1H); 2.48 (dd, 1H); 2.71 (m, 1H); 3.78 (dd, 1H); 
3.83 (dd,lH); 4.40 (m, 1H). 

SteP P; 2.3-Dideoxv-3-C-methvl-D-r/ir^-pentonn-l 4-l a rt»n f 

10 

2,3-Dideoxy-3-C-memyl-5-0-tert-butyldimethylsilyl-D-^reo- 
pentono-l,4-lactone (1.8 g, 7.36 mmol) was treated with tetra-n- 
butylammonium fluoride (9.8 mL of a 1.0 M solution in tetrahydrofuran, 
9.8 mmol) for 90 minutes at room temperature. The reaction mixture was 
1 5 evaporated, and the crude product subjected to flash chromatography 
eluting with 25% acetone/hexane; yield 795 mg (83%) of a colorless oil. 

Stg PG 5-A2ido-2.3.5-trideoxv.3-r-m e thvl-D-^r^- pen tonrvt.4- 

lactone 

This compound was prepared in a similar manner as Step D of 
Example 95 starting with 2,3-dideoxy-3-C-methyl-D-^reo-pentono-l,4- 
lactone (795 mg, 6. 1 1 mmol). The title compound was obtained as an oil 
after flash chromatography eluting with 25% ethyl acetate in hexane; 
yield 575 mg (61%). 

lH NMR (400 MHz, CDCI3): 6 1.09 (d, 3H); 2.31 (dd, 1H); 2.66 (dd, 
1H); 3.50 (dd, 1H); 3.57 (dd, 1H); 4.54 (dd, 1H). 

30 SiS&D; SfSVHvdroxv^fRVmethvl-^pip.riHnn. 

A solution of 5-azido-2,3,5-trideoxy-3-C-methyl-D-r/w«o- 
pentono-l,4-lactone ( 361 mg, 2.33 mmol) in ethyl acetate (23 mL) was 
hydrogenated at 40 psi in the presence of 20% palladium hydroxide on 



20 



25 
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caibon (42 mg) for 2 hours at room temperature. The catalyst was 
removed by filtration through a pad of Celite. The filtrate was 
evaporated, and the residue taken up in toluene (25 mL) and methanol (2 
mL) and heated for 24 hours at 100°C. The mixture was evaporated, and 
5 the crude product recrystallized from hot ethyl acetate; yield 160 mg 
(53%). 

lH NMR (400 MHz, CD 3 OD): 8 1.04 (d, 3H); 1.95 (m, 1H); 1.99 (dd, 
1H); 2.53 (dd, 1H); 3.08 (dd, 1H); 3.41 (dd, 1H); 3.60 (m, 1H). 

0 

&SS£l ^Inun<)-5rS)-nietho X v-4n?^m^t hv1- n in e riHin ft 

hydrochloride 



To a solution of 5(S)-hydroxy-4(R)-methyl-2-piperidone 
(157 mg, 1.22 mmol) in methylene chloride (4 mL) was added 
trimethyloxonium tetrafluoroborate (376 mg, 2.54 mmol). The reaction 
mixture was stirred for 24 hours at room temperature. Thin-layer 
chromatography (10% methanol/CIfeCfe) indicated the formation of two 
more mobile products: the predominant product being the 5-methoxy-4- 
memyl-iinino-methyl ether followed by a smaller amount of the 5- 
hydroxy-4-me%l-iniino-methyl ether. The mixture was diluted with 
ethyl acetate, washed with saturated sodium hydrogencarbonate solution 
saturated brine solution, dried (MgS04), and carefully evaporated (bath ' 
temperature <15°C) to avoid loss of the volatile imino ethers. The crude 
product mixture was subjected to flash silica gel chromatography (packed 
as a slurry in 4% methanol/OfeCfe). Rapid elution with 4% 
methanol/CH2Cl2 afforded the 5-memoxy-4-memyl-iniino-methyl ether. 
Subsequent elution with 10% methanol/CH 2 Cl2 afforded the 5-hydroxy- 
4-memyl-iinino-methyl ether. Evaporations of the column fractions 
containing product were performed with extreme caution to avoid loss of 
the volatile imino ethers. 

The 5-methoxy-4-memyl-imino-methyl ether was treated with 
ammonium chloride (32 mg, 0.60 mmol) in refluxing ethanol (4 mL) for 4 h. 
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The cooled reaction mixture was evaporated, and the resulting solid dried in 
vacuo; yield 61 mg. 

lH NMR (400 MHz, CD3OD): 8 1.08 (dd, 1H); 2.23 (m, 1H); 2.32 (dd, 1H); 
5 2.81 (dd, 1H); 3.38 (dd, 1H); 3.40 (s, 3H); 3.42 (m, 1H); 3.55 (dd, 1H) 

Mass spectrum m/e = 143 (m +1). 



10 EXAMPLE 98 

CHa 

^ NH HCI 

2-Imino-5(S)-hvdroxv-4fRVmetfavl-DiDeridine. hy drochloride 

15 

The 5-hydroxy-4-memyl-iimno-methyl ether from Step E of 
Example 97 was treated with ammonium chloride (16 mg, 0.30 mmol) in 
refluxing ethanol (3 mL) for 4 hours. The cooled reaction mixture was 
evaporated. The solid was taken up in methanol, and the product crystallized 
20 out upon addition of diethyl ether, yield 22 mg. 

lH NMR (400 MHz, CD3OD): 8 1.08 (d, 3H); 2.01 (m, 1H); 2.33 (dd, 1H); 
2.85 (dd, 1H); 3.19 (dd, 1H); 3.54 (dd, 1H); 3.71 (m, 1H). 

25 Mass spectrum m/e = 128 (M +1). 



EXAMPLRQQ 
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CH3 



V 

o 



CH3 

H 



NH HCI 



2-ImuiP-5(S)-acetvloxv-4(RVmethvl-pi P eridine hydrochloride 

5 Step A: 5(SVAcetvloxv-4rRVmethvl-2-piperidon e 

5(S)-Hydroxy-4(R)-methyl-2-piperidone (43 mg, 0.33 
mmol) was treated with pyridine (0.5 mL) and acetic anhydride (0.3 mL) 
overnight at room temperature. The mixture was evaporated and 
10 coevaporated several times with toluene. Flash silica gel chromatography 
eluting with 2% methanol/CH2Cl2 gave pure title compound; yield 17.7 
mg. 

*H NMR (400 MHz, CD3OD): 8 1.04 (d, 3H); 2.08 (s, 3H); 2.09 (dd, 
15 1H); 2.21 (m, 1H); 2.58 (dd, 1H); 3.22 (dd, 1H); 3.56 (dd, 1H); 4.83 (m, 
1H). 

SififcB: 2-hrin(>-5fSyacetvloxv^ 

20 To a solution of 5(S>acetyloxy-4(R)-methyl-2-piperidone 

(17.7 mg, 0.103 mmol) in methylene chloride (1.5 mL) was added 
trimethyloxonium tetrafluoroborate (16.8 mg, 0.1 13 mmol). The reaction 
mixture was stirred for 18 hours at room temperature. The mixture was 
diluted with ethyl acetate, washed with saturated sodium 

25 hydrogencarbonate solution, saturated brine solution, dried (MgS04), and 
carefully evaporated (bath temperature <15°C) to avoid loss of the 
volatile imino ether. The residue was treated with ammonium chloride 
(4.4 mg, 0.082 mmol) in refluxing ethanol (1.5 mL) for 3 hours. The 
reaction mixture was evaporated and triturated with ethyl acetate. The 

30 resulting solid was filtered, washed with ethyl acetate, and dried in vacuo. 
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lH NMR (400 MHz, CD3OD): 8 1.09 (d, 3H); 2.08 (s, 3H); 2.26 (m, 
1H); 2.45 (dd, 1H); 2.89 (dd, 1H); 3.37 (dd, 1H); 3.69 (dd, 1H). 

Mass spectrum m/e = 171 (M +1). 



EXAMPLE 100 

p-V- 

|j NH HCI 

^Imino-3rS) . 4fR)-0-isoD^onv^idenft-5rRV ace ^vloY v ■Di De ridin e hydrochloride 
SmAl 3a^).4n^VOJso D ronv1id e n ft -5nRVa Cet vlnYv-9- p ip>ri^^ 

15 Asolut ionof5(R>azidomethyl-3(R),4(R)-0-isopropyUdene- 
dihydro-2(3H>furanone [prepared according to Herdeis and Waibel, Arch. 
Pharm: 324, 269-274 (1991)] (460 mg, 2.16 mmol) in methanol (12 mL) was 
hydrogenated under a balloon atmosphere of hydrogen gas in the presence of 
20% palladium hydroxide on carbon (75 mg) for 4 hours at room temperature. 

20 The catalyst was removed by filtration through an Anotop 25 Dispo Syringe 
Filter (0.2 urn). The filtrate was evaporated, and the resulting solid dried in 
vacuo. The solid was treated with acetic anhydride (2 mL) and pyridine (3 
mL) until thin layer chromatography (10% methanol/CH2Cl2) indicated 
complete conversion into a more mobile product. The reaction mixture was 

25 evaporated and coevaporated several times with toluene. The product was 
purified by flash silica gel chromatography eluting with 2-3% 
methanoI/CH2Cl2. Pure tide compound was obtained as a solid; yield 185 mg 
(37%). 



30 



SiSB-IL 2-Imino-3(SV4fRin.T«, 

hydrochloride 



vIidene-5rRWcetv1oxv- p ipgriHj nr 



WO 96/14844 



PCT/US9S/14812 



-141- 



To a solution of 3(R),4(R)-0-isopropylidene-5(R)-acetyloxy-2- 



piperidone (99 mg, 0.432 mmol) in methylene chloride (3 mL) was added 
trimethyloxonium tetrafluoroborate (70 mg, 0.473 mmol). The reaction 
5 mixture was stirred for 18 hours at room temperature. The mixture was 
diluted with ethyl acetate, washed with saturated sodium hydrogencarbonate 
solution, saturated brine solution, dried (MgS04), and carefully evaporated 
(bath temperature <15°C) to avoid loss of the volatile imino ether. The residue 
was treated with ammonium chloride (18.4 mg, 0.344 mmol) in refluxing 
10 ethanol (4 mL) for 5 hours. The reaction mixture was evaporated, and the 
residue triturated with a mixture of ethyl acetate and diethyl ether. The solid 
was filtered, washed with diethyl ether, and dried in vacuo. 

*H NMR (400 MHz, CD3OD): 6 1.44 (s, 3H); 1.48 (s, 3H); 2.08 (s, 3H); 3.48 
15 (dd, 1H); 3.57 (dd, 1H); 4.73 (dd, 1H); 5.00 (d, 1H); 5.32 (m, 1H). 

Mass spectrum m/e = 229 (M +1). 
20 EXAMPLE 101 



o ^ch 3 




2-Iinino-3fS\4(R).5(RVtriacetvloxv-piperidine hydrochloride 



25 



SttP A; — 3(R).4fR).5(RVTriacetyloxY-2-piperidone 



30 



3(R),4(R)-0-Isopropylidene-5(R)-acetyloxy-2-piperidone (80 mg, 
0.349 mmol) was treated with 90% aqueous trifluoroacetic acid until thin-layer 
chromatography (TLC) indicated complete disappearance of starting material. 
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The reaction mixture was evaporated and coevaporated several times with 
toluene. The residue was treated with pyridine (1 mL) and acetic anhydride 
(0.7 mL) until complete conversion into a more mobile product by TLC. The 
reaction mixture was evaporated and coevaporated several times with toluene. 
5 The product was purified by flash silica gel chromatography eluting with 2% 
methanol/CH2Cl2; yield 48.2 mg (51%). 

*H NMR (400 MHz, CDCI3): 5 2.06 (s, 3H); 2.12 (s, 3H); 2.14 (s, 3H); 3.52 
(m, 2H); 5.30 (td, 1H), 5.50 (d, 1H); 5.69 (m, 1H); 5.76 (br s, 1H). 

SJSILBl 2-Iminc-3fS),4ffi).5fR)-n^ 

To a solution of 3(R),4(R),5(R>triacetyloxy-2-piperidone (46.7 
mg, 0.171 mmol) in methylene chloride (2 mL) was added trimethyloxonium 
tetrafluoroborate (28 mg, 0.189 mmol). The reaction mixture was stirred for 
18 hours at room temperature. The mixture was diluted with ethyl acetate, 
washed with saturated sodium hydrogencarbonate solution, saturated brine 
solution, dried (MgS04), and carefully evaporated (bath temperature <15°C) 
to avoid loss of the Volatile imino ether. The residue was treated with 
ammonium chloride (6.8 mg, 0.127 mmol) in refluxing ethanol (2.5 mL) for 4 
hours. The reaction mixture was evaporated, and the resulting solid dried in 



lH NMR (400 MHz, CD3OD): 8 2.03 (s, 3H); 2.09 (s, 3H); 2.12 (s, 3H); 3.43 
(dd, 1H); 3.51 (dd, 1H); 5.40 (m, 1H); 5.61 (d, 1H); 5.68 (m, 1H). 



vacuo. 



Mass spectrum m/e = 274. 



EXAMPT.F. \(Y) 
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Ct?-Decahvdro-2-iminoQuinolinehvdmchlnridP 

Step A: ris-Octahvdroguinolin-2nHW)n e 

5 A suspension of lg of 3,4,5,6,7,8-hexahydio-2(lH)- 

quinolinone in 1:1 mixture of dioxane and ethanol was hydrogenated in 
presence of 250 mg of 10% palladium on carbon at 60 psi and room 
temperature for 4 hours. The catalyst was filtered on a bed of filter eel 
and washed with dioxane-ethanol mixture. The filtrate was concentrated 
10 to give a residue which was purified on silica gel using ethyl acetate as 
solvent to give 510 mg of the desired product containing about 10% 
trans-isomer. Recrystallization from hexane did not improve the isomer 
ratio. 

15 lH NMR (CDC13): 3.49(m,lH); 2.33(m,2H)1.2-2.0(m,l 1H) 

Step B: cif-Decahvdm-2-iminnqiiinoline hydrochloride 

Hie title compound was synthesized as described in examples 2 and 3 
20 from cis-octahydroquinolin-2(lH)-one. 

*H NMR (DMSO): 3.49(m,lH); 2.53(m,2H); 1.25-2.0(m,l 1H); 
8.16(b,lH); 8.7(b,lH); 9.65(b,lH) 

25 

EXAMPLE 103 



>^^NH HCI 

30 iEga^-PecahvdlQ-2-iminoQuinoline hydrochloride 
Step A: rrflw.v-Octahvdroquinnlin-?/!^)^ 
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A mixture of lg (6.62 mmol) of 3,4,5,6,7,8,-hexahydro- 
2(lH)-quinolinone, 2.8g (41 mmol) of sodium formate and 5 mL of 
formic acid was heated to reflux for 1 day The reaction mixture was then 
cooled and 20% sodium hydroxide solution was added to make it basic. 
5 This mixture was then extracted with ethyl acetate. The combined ethyl 
acetate extracts were dried over anhydrous magnesium sulfate and the 
solvent was removed to give a crude product. This was purified on silica 
gel using ethyl acetate as solvent to provide 752 mg of the desired 
product with about 10% of the cis- isomer. Recrystallization of this 
10 material from cyclohexane did not improve the ratio of the isomers. 

J H NMR (CDC13): 2.88(m,lH); 2.4(m,2H)1.0-1.9(m,llH) 

Step P; rrgff,y-Pecahvdrf)-?.-iminoqiiinniin^ hyf l rr r hl r ri Tlr 

The tide compound was synthesized from trans-octahydroquinolin- 
2(lH)-one as described in examples 2 and 3. 

*H NMR (DMSO): 2.95(m,lH); 2.58(nu2H); 1.0-2.0(m,llH); 
20 8.12(b,lH); 8.76(b,lH); 9.70(b,lH) 



EXAMPLE tfWi 
9Hs H CH 3 



25 ^hT" nh hci hci 

4(S)-MethYHflf,S) 7fl^Vpfrtlvdro-2-i m ino-1-nvriT,din ft h v ^ rT y . h | 1T li f1r 

Md4fRVMPthYl^)Ja^VTv»rhvdnv^-iminn.i. rv|in ff 1n f 

hvdrochlftridf 

30 

Step A; 4ffi+S)-Mfthv1-4arF+SV7^ 
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A mixture of 1 g of 2-hydroxy-4-methyl-6,7-dihydro-5H-l- 
pyrindine (prepared according to A. Sakurai and H. Midorikawa, Bull 
Chem Soc Japan, 41, 165, 1968) and platinum oxide (0.5g) in 50 mL of 
glacial acetic acid was hydrogenated on a Parr shaker at room 
5 temperature and 50 psi for 2 days. The catalyst was filtered and washed 
with acetic acid. The filtrate was concentrated to give the desired lactam 
as a white solid after purification on silica gel using 2% methanol in ethyl 
acetate as solvent. 

10 Step B: 4fSVMethvl-4 a (SV7arSVperiivdro-l- P vrindin-2-f>ne and 4flRl 
Methvl-4afR).7afRlperhvdro- 1 -pvrindin-2-one: 

The mixture of enantiomers obtained from the step A was 
separated into its chiral components using ChiralCel OD column using 
15 90:10 hexane:isopropanol mixture as solvent on HPLC. The faster 

moving enantiomer was 4(S)-memyl-4a(S),7a(S)-pemydro-l-pyrindin-2- 
one and the slower moving enantiomer was 4(R>methyl-4a(R),7a(R>- 
perhydropyrindin-2-one. 

lH NMR (CDQ3): 5.45(b,lH); 3.8(m,lH);1.4-2.3(m,10H); 0.96(d,3H) 

Step C: 4fSVMemvl-4arSV7 a fS^-»i e rhvdr f w9.i m i n o-l.pvrindifi e 
hydrochloride and 4rRVMethvl-4 fl nRV7 fl fRV.peihvdro-2-imin 0 -1- 
ovrindine nvdmchlnridft 

The title compounds were prepared according to the method 
described in Examples 2 and 3. The stereochemical assignments for 
these two compounds were confirmed by x-ray structure determination. 

lH NMR (CD30D): 3.9(m,lH); 1.4-2.5(m, 1H); 1.06(d,3H) 

4(S)-Memyl-4a(S),7a(S)-pemydro-2-imino- 1-pyrindine hydrochloride 
specific rotation = +53.95° (c = 0.215, EtOH) 
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4(R)-Methyl-4a(R)Ja(R)-perhydio-2-iiiuno-l.pyrindine hydrochloride 
specific rotation = -54.55° (c = 0.22, EtOH) 



4(RyMethYl-4a0O.8arcy<tecahvdr^ 

Step A; 4fR^SVMethvl-4afR+svR a n?4.s^ ^ a hvdnv ] iiinniin < >-?- ff Tlp . 

A mixture of 2-hydroxy-4-methyl quinoline (lg) and 
platinum oxide (0.5g) in 50 mL of glacial acetic acid was hydrogenated 
on a Parr shaker at room temperature and 50 psi for 2 days. The catalyst 
was filtered and washed with acetic acid. The filtrate was concentrated to 
give the desired lactam as a white solid after purification on silica gel 
using 2% methanol in ethyl acetate as solvent 

Step B; 4r,SVMpthvl-4a(,SV8ar^.d ecfl hvHrrv T nin n|i p . 2 . one anH Ann 
Methvl-4afRV8arRVH^Y^ rog"'nn1iii.?-nni>. 

The mixture of enantiomers obtained from the step A was 
separated into its chiral components using OuralCel OD column using 
90: 10 hexane:isopropanol mixture as solvent on HPLC. The faster 
moving enantiomer was 4(S>memyMa(S),8a(S)^lecahydroquinolin-2- 
one and the slower moving enantiomer was 4(R)-methyl-4a(R),8a(R> 
decahydroquinolin-2-one. 



EXAMPLE 1 05 




30 lH NMR (CDQ3): 5.42(b,lH); 3.6(m,lH); 2.3(m,lH); 2.0(m,lH); 1.1- 
1.7(m,8H); 0.96(d\3H) 
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Step C: 4(SVMethv1^ a fS\8a(SVdecahvdro-2-i m inoquinolin e 
hydrochloride and 4fRVMethvl-4afR18arRVdecahvdro.2-iminoquinoline 
hydrochloride 

The title compounds were prepared according to the method 
5 described in Examples 2 and 3 and the assignment of stereochemistry 
was confimed by x-ray crystal structure determination. 

!H NMR (CD30D): 3.68(m,lH); 2.6(m, 1H); 2.3(m,lH); 2.1(m,lH); 
1.25-1.96(m,9H); 1.04(d\3H) 

10 

4(S)-Memyl-4a(S),8a(S>decahyclro-2-immoqum 
specific rotation = +12.3 1° (c = 0. 195, EtOH) 

4(R)-Me%l-4a(R),8a(R)-decahydro-2-i^ 
15 specific rotation = -12.5<> (c = 0.2, EtOH) 



EXAMPLE m 

/**0 H 

vrri 

20 H H ^ NH HCI 

2-Tmino-octahvdro-nnino1in-6r5HW>ne-6-ethvlene ketal hydrochloride 
Step A: S^.V.S-Tetrahvdro-ouinnlin-^IHVfi^HVdione-fi-ethylene ketal 

25 

A solution of 1,4-cyclohexanedione monoethylene ketal (10 
g, 0.64 mol) and pyrrolidine (1 1.6 mL, 0.13 mol) in toluene (50 mL) was 
heated at reflux for 2 h collecting water in a Dean-Stark trap. Half the 
volume was distilled off and the reaction cooled to room temperature. To 
30 the mixture was added a solution of acrylamide (10.9 g, 0. 15 mol) in 

N,N-dimethylacetamide (25 mL) and the mixture heated at 78 °C for 18 h 
and 135 °C for 4 h. The reaction was cooled, water (100 mL) was added 
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and the mixture stirred 0.5h. The mixture was extracted with methylene 
chloride, dried (Na2S04), and evaporated. The solid was triturated with 
ether, collected and dried to give the title compound. 

5 lH NMR (CDQ3): 8 J -2.65 (m,10H); 3.88-4.05 (m,4H); 4.80 (m,4H); 
7.70 (b.lH) 

Mass spectrum m/e = 2 (M+ 1 ) 

10 StepP; 3,4,4a,7.8.8a-Hexahvdro-Quinolin-2rHT,.^; dione-6-ethvlene 
ketal 

A suspension of 3,4,7,8-tetrahydro-quino :(1H>6(5H)- 
dione-6-ethylene ketal (0.5 g, 2.39 mmol) in ethanol (. iL) in the 
15 presence of 5% rhodium / alumina (0.5 g) was hydrogenated at 50 psi for 
2.5 h. The catalyst was removed by filtration through Celite and 
evaporated to give the title compound. 

*H NMR (400 MHz, CDCI3): 8 1.45-2.45 (m,HH); 3.55 (m,lH); 3.94 
20 (m,4H); 5.74 (b,lH); 5.95 (b.lH) 

Mass spectrum m/e = 212 (M+l) 

Step C; 2-Imino-octahvdro-quinnlin-6f5H^-one- 6-ethvleTie W^ l 

25 hydrochloride 

To a solution of 3,4,4a,7,8,8a-hexahydro-quinolin-2(lH)- 
6(5H)-dione-6-ethylene ketal (100 mg, 0.47 mmol) in methylene chloride 
(2 mL) was added trimethyloxonium tetrafluoroborate (77 mg, 0.52 
30 mmol) and the mixture stirred at room temperature for 1 8 h. The reaction 
mixture was diluted with ethyl acetate (25 mL), neutralized with 
saturated sodium carbonate, the aqueous layer washed with ethyl acetate, 
and the combined organics washed with brine, dried (Na2S04) and 
evaporated below room temperature to give a crude oil. The oil was taken 
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up in ethanol (2ml), ammonium chloride (18mg, 0.33mmol)was added 
and the mixture refluxed for 3 h. The reaction mixture was evaporated to 
dryness, the residue triturated with ethyl acetate and purified by flash 
chromatography using (80:20:2) acetonitrile: water acetic acid as eluant 
5 to yield the title compound. 

lH NMR (400 MHz, CD3OD): 8 1.60-2.73 (m,HH); 3.63 (m,lH); 3.93 
(m,4H) 

10 Mass spectrum m/e = 21 1 (M+l) 



EXAMPLE 107 



NH HQ 

2-Imino-octahvdro-quinolin-6f5HVonehvdrcx:hloride 



Step A: Hexahvdro-quinolin-2flH^6f5m-dione 

20 

A solution of 3,4,4a,7,8,8a-hexahydro-quinolin-2(lH>- 
6(5H)-dione-6-ethylene ketal (prepared as described in Example 106,Step 
B), (300 mg, 1.42 mmol) in 80% acetic acid / water (8 mL) was heated at 
65 °C for 1 h, evaporated to dryness, and coevaporated with toluene to 
25 give a solid. Purification was accomplished by flash silica gel 

chromatography using 3% methanol / methylene chloride as eluant to 
give the tide compound. 



lH NMR (400 MHz, CDCI3): 5 1.60-2.50 (m, 1 1H); 3.78 (m,lH); 6.60 
30 (b,lH) 



Mass spectrum m/e = 168 (M+l) 
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SteP B; 2-Tmino-ortahvdro-g U inniin^( 5HWin e hwWhi^ f 

The above compound was prepared in a similar fashion as 
5 Example 106, Step C, but substituting hexahydro-quinolin-2(lH),6(5H)- 
dione in place of 3,4,4a,7,8,8a-hexahydro-quinolin-2(lH)-6(5H)-dione-6- 
ethylene ketal to yield the title compound. 

*H NMR (400 MHz, CD3OD): 8 1.70-2.64 (m,10H); 2.73 (m,lHV 3 97 
10 (m,lH) 

Mass spectrum m/e = 167 (M+l) 



15 



EXAMPI.F. 1f)« 



CHs^O 



20 



XXX 

^^{J^NH HCI 



2-Imino-fra r *ty1oxv-^^ 



ethylene Iretat 

The above compound was prepared in a similar fashion as 
25 Example 106, Step B, but was fractionally crystallized from ethyl acetate 
to give greater than 96% cis isomer as the title compound. 

400MHz ' H NMR (CDCI3): 8 1.45-2.45 (m, 1 1H); 3.55 (m, 1H); 5.80 (b, 
1H) 

30 

Step B; cis-Hexahvdro-nuinnlin-7f ^rsm-dinne 
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The above compound was prepared in a similar fashion as 
Example 107, Step A, to give the title compound. 

lH NMR (CDC13): 6 1.70-2.50 (m, 11H); 3.78 (m, 1H); 6.57 (b, 1H) 

5 

Step C; 6-Hydroxy-cis-(4a,8a)-octahydrp-qwinoIin-2f lHVone 

To a solution of cis-hexahydro-quinolin-2(lH),6(5H)-dione 
(50 mg, 0.30 mmol) in methanol (1 ml) cooled to 0 °C was added sodium 
10 borohydride (11 mg, 0.30 mmol) and the solution stirred for 0.5 h. Water 
(0.25 ml) was added and the reaction mixture was evaporated to give the 
crude title compound. 

lH NMR (400 MHz, CD3OD): 5 1.32-2.00 (m,10H); 2.28 (m,2H); 3.54 
15 (m,lH);3.64(m,lH) 

Step P; ^Acetyloxy-cis-(4^8a)-octahydro-qvinolin-2(lH)-one 

To a mixture of crude 6-hydroxy-cis-(4a,8a)-octahydro- 
20 quinolin-2(lH)-one (203 mg, 0.86 mmol) in methylene chloride (5 mL), 
was added pyridine (2.8 mL), acetic anhydride (1 .4 mL), and 4- 
dimethylaminopyridine (23 mg). After 6 h the reaction mixture was 
diluted with methylene chloride (50 mL), washed with water, saturated 
sodium bicarbonate, brine, dried (Na2S04), and evaporated to give a pale 
25 yellow solid. It was subjected to flash chromatography using 2% 
methanol / methylene chloride as eluant to give the title compound. 

lH NMR (400 MHz, CDCI3): 6 1.56-2.02 (m, 12H); 2.35 (m, 2H); 3.55 
(m, 1H); 4.75 (m,lH); 5.74 (b,lH) 

30 

Mass spectrum m/e = 212 (M+l) 



Step E: 2-Imino-6-acetvloxv-ct.g-decahvdroquinoline hydrochloride 
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The above compound was prepared in a similar fashion as 
Example 106, Step C, but substituting 6-acetyloxy-cis-(4a,8a)-octahydro- 
quinolin-2(lH)-one in place of 3,4,4a,7,8,8a-hexahydro-qumolin-2(lH)- 
6(5H)-dione-6-ethylene ketal to yield the title compound. 

lH NMR (400 MHz, CD3OD): 5 1.50-2.20 (m,12H); 2.65 (m,2H); 3.64 
(m,lH); 4.80 (m,lH) 

Mass spectrum m/e = 21 1 (M+l) 



EXAMPLE IOQ 
^^fl^NH HCI 



Ammonia gas was bubbled to a solution of 2-imino-6- 
acetyloxy-cis-decahydxoquinoline hydrochloride, prepared previously as 
20 described in Example 108, Step E, (38 mg, 0.15 mmol) in methanol (2 
ml) at 0 °C for 5 min. The reaction flask was stoppered and stirred at 0 °C 
for 3 h and at room temperature for 72 h. The reaction was evaporated to 
dryness and purified by flash chromatography using (80: 16:2) 
acetonitrile: water acetic acid as eluant to give the title compound. 

lH NMR (400 MHz, CD3OD): 5 1.28-2.13 (m,10H); 2.63 (m,2H); 3.60 
(m,lH); 3.68 (m, 1H) 



30 



Mass spectrum m/e = 169 (M+l) 



EXAMPLES 1 in 11J 



WO 96/14844 



PCT/US95/J4812 



-153- 



CHsO 



to* 




NH HCI 



20 



25 



2-Imino-5-mf tfaoxv-cis-perhvdro-Pvrindene hydrochlo ri de (Example 
11 0) Mid 2-imino-5-hYdroxv-cis-perhvdro-pvrindene hydrochloride 

(Example 1 LP 

StSP A: 3.4.6.7-Tetrahvdro-nvrindene-2riHVS-dinn ff 

A mixture of 1,3-cyclopentanedione (20 g, 0.20 mol), 
acrylamide (29 g, 0.41 mol), and p-toluenesulfonic acid monohydrate 
(2.3 g, 0.01 mol) in N,N-climethylacetamide (20 mL) was heated at 85 °C 
for 18 h and 150 °C for 3 h. The reaction mixture was cooled, water (100 
mL) was added and stirred for 0.5 h. Methylene chloride (100 mL) was 
added, the layers were separated, the aqueous layer washed with 
methylene chloride, the combined organics dried (Na2S04) and 
evaporated to give a gum. Purification by flash chromatography using 2% 
methanol / methylene chloride as eluant gave the title compound. 

lH NMR (400 MHz, CDCI3): 6* 2.52 (m, 4H); 2.62 (m, 4H); 8.32 (b, 1H) 

Mass spectrum m/e = 152 (M+l) 

StepB; 5-Hvdroxv-cis-i)eTnvdro- P vrind e n-9riHV^ f 



A suspension of 3,4,6,7-tetrahydro-pyrindene-2(lH)-5-dione 



(2.8 g, 0.19 mol) in ethanol (150 mL) in the presence of 5% rhodium / 
alumina was hydrogenated at 50 psi for 18 h. The catalyst was removed 
by filtration through Celite and evaporated to give the title compound. 

1 H NMR (400 MHz, CDCI3): 8 1.69-1.95 (m, 7H); 2.14-2.33 (m, 2H); 
2.47 (m, 1H); 3.74 (m, 1H); 4.33 (m,lH); 4.33 (m,lH); 6.04 (b, 1H) 
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Compound A; 2-Imino-5-mgthgxy-ds-pgihydro-pyrindgng hydrochloride 
Compound P: ?-Imino-g-hY<>roxy-gis-pgrhyAv-pyrindgBg hydrochloride 



The above compounds were prepared in a similar fashion as 
5 Example 106, Step C, but substituting 5-hydroxy-cis-pemydro-pyrinden- 
2(lH)-one in place of 3,4,4a,7,8,8a-hexahydro-qumolm-2(lH)-6(5H)- 
dione-6-ethylene ketal. Purification by flash chromatography using (80: 
8: 2) acetonitrile: water: acetic acid as a eluant separated the above two 
title compounds A and B; 

10 

Compound A: *H NMR (400 MHz, CD3OD): 5 1.70-2.10 (m,8H); 2.47 
(m,3H); 2.70 (m.lH); 3.85 (m, 2H) 

Mass spectrum m/e = 169 (M+l) 

15 

Compound B: *H NMR (400 MHz, CD3OD): 8 1.70-2.10 (m,7H); 2.34- 
2.52 (m,2H); 2.75 (m,lH); 3.85 (m,lH); 4.29 (m,lH) 

Mass spectrum m/e = 155 (M+l) 

20 



EXAMPLE 112 



(fx 

— J| NH HO 

25 EXAMPLE 112 

L-776.009-001V 

2-Inuno-5-hvdroxv-4a-memvl-trans-(4a.8aVdecahvdroqumoUn^ 

hydrochloride 

30 

Step A; 4a-MethYl-3.4,6,7-tetrahvdjo-q W inolin-2f lH),5(4aH>dione 
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The title compound was obtained from 2-methylcyclohexane-l,3- 
dione and acrylamide by the method described in example 110, step A. 

*H NMR (CDQ3): 7.77 (br, 1H), 5.14 (dd, 1 H), 2.78 (m, 1H), 2.58 (m, 
5 2H), 2.53 (m, 1H), 2.43 (m, 2H), 2.04 (m, 1H), 1.80 (m, 1H), 1.38 (s, 
3H). 

Mass spectrum m/e = 180 (M+l) 

10 

Step B; .VHvdrPXV^a-methvl-trans-(4a.8a)-octahvdro-quinolin-2riHV 
one 

The title compound was obtained from 500 mg of 4a-methyl- 
15 3,4,6,7-tetrahydro-qumolin-2(lH),5(4aH>dione by the method described 
in example 1 10, step B with the following additions: The crude solid was 
purified by silica gel chromatography on a 21 x 130 mm column eluting a 
gradient from 0 to 5% methanol in methylene chloride to afford 185 mg 
of the title compound. 

20 

lH NMR (CDQ3): 5.64 (br, 1H), 3.37 (dt, 1H), 3.08 (dd, 1H), 2.47 (m, 
2H), 2.11 (m, 1H), 1.80 (m, 2H), 1.57 (m, 2H), 1.46 (m, 4H), 0.95 (s, 
3H). 



25 Mass spectrum m/e = 1 84 (M+l ) 



30 



StwC; 2-Tmino-5-hvdroxv^^^ 
hydrochloride 

The title compound was obtained from 180 mg of 5-hydroxy-4a- 
me%l-transK4a,8a)-octaiiydro-quinolin-2(lH)-one by the method 
described in examples 2 and 3. 
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lH NMR (CD3OD): 3.36 (dt, 1H), 3.12 (dd, 1H), 2.70 (dd, 2H), 2.08 (m, 
1H), 1.83 (m, 1H), 1.70 (m, 2H), 1.57 (m, 2H), 1.44 (m, 2H), 0.87 (s, 
3H). 

5 Mass spectrum m/e = 183 (M+l) 



EXAMPLE m 



10 




frhnjnO-5-fluorO-5-methvl-cis^^^^ hvdmchlnrirf* 
Step A; frBimre-frmetl^^ 

To a solution of 150 mg (0.82 mmol) of 5-hydroxy-4a-methyl- 
trans-(4a,8a)-octahydro-qumolin-2(lH>one in 2 mL methylene chloride 
at 0 oc was added 0.108 mL (0.82 mmol) diemylaminosulfur trifluoride 
dropwise. After stirring for one hour, apply reaction mixture directly to a 
20 2 1 x 300 mm silica column and purify by eluting with 20% 

acetone/methylene chloride to afford 55 mg of the title compound as a 
4:1 mixture of cis:trans diastereomers. 

lH NMR (CDCI3): 6.19 (br, 1H), 3.31 (dt, 1 H). 2.51 (m, 1H), 2.28 (m, 
25 1H), 2.21-1.90 (m, 5H), 1.85-1.50 (m, 4H), 1.40 (d, J = 22 Hz, 3H). 

Mass spectrum m/e 186 (M+l) 



StepB; , 2-Tminp-5-fluoro-5-memvl-cis-r4a.8aVdecahvdmq U inniinP 
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The title compound was obtained from 55 mg of 5-fluoro-5- 
memyl-cis-(4a,8a)-octahydro-quinolin-2(lH)-one by the method 
described in Examples 2 and 3. 

5 lH NMR (CD3OD): 3.57 (dt, 1H), 2.67 (m, 2H), 2.20 (m, 2H), 2.08 (m, 
1H), 1.95 (m, 1H), 1.88-1.68 (m, 5H), 1.44 (d, J = 23 Hz, 3H). 

Mass spectrum m/e =185 (M+l) 



15 5-Acetoxv-2-imino-cis-f4a.8aVdecahvdroquinoUne hydrochloride 
Step A: 5-Acetoxv-cis-(4a.8al-octahvdroquinolin-2f im-one 

To a solution of 100 mg (0.59 mmol) of 5-hydroxy-cis-(4a,8a)- 
20 octahydroquinolin-2(lH)-one (prepared as shown in Example 110, Step 
A and B) in 1 mL pyridine at 25 °C was added 0.046 mL (0.65 mmol) 
acetic anhydride and 8 mg dimemylaminopyridine. After stirring for 16 
hours, apply reaction mix directly to a 21 x 130 mm silica column and 
purify by during a gradient from 0 to 5% methanol/methylene chloride to 
25 afford 80 mg of the tide compound as a cis racemate. 



lH NMR (CDCI3): 6.19 (br, 1H), 4.88 (m, 1H), 3.41 (m, 1 H), 2.47 (m, 
1H), 2.35 (m, 2H), 2.05 (s, 3H), 1.77 (m, 5H), 1.45 (m, 2H), 1.30 (m, 
1H). 

30 

Mass spectrum m/e = 212 (M+l) 



10 



EXAMPLE 114 




NH HQ 
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5 The title compound was obtained from 80 mg of 5-acetoxy-cis- 

(4a,8a)-octahydroquinolin-2(lH)-one by the method described in 
examples 2 and 3. 

IH NMR (CD 3 OD): 4.94 (dt, 1H), 3.59 (dt, IH), 2.73 (dt, IH), 2.62 (m, 
10 1H), 2.40 (m, IH), 2.04 (s, 3H), 1.89 (m, 2H), 1.86-1.71 (m, 4H), 1.53 
(m, 2H). 



Mass spectrum m/e = 211 (M+1) 



15 



EXAMPr.Flis 

To a solution of 30 mg (0.14 mmol) of 5-acetoxy-2-iminoK:is- 
(4a,8a)-decahydroqumoline hydrochloride in 1 mL methanol at 0 ©C was 
^dedanmioniagasbybubbmigmtliroughaiieedle. After stirring for 64 
25 hours, apply reaction mix direcdytoa 8 x 50 mm silica column and 

purify by eluting 80:16:4 acetonitrile/water/acetic acid to afford 15 mg of 
the title compound as a cis racemate. 

,n J^T* (CD30D>: 3 ' 8 ° (dU 1H) ' 3 ' 52 (dt > 1H >' 2 74 <*> !H). 2.58 (m, 
30 IH , 2.21 (m, IH), 1.93 (m, 2H), 1.77 (m, 2H). 1.66 (m, 2H), 1.35 (m, 
2H). 

Mass spectrum m/e = 169 (M+1) 
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EXAMPLE 116 



5 




NH HCI 



2Jmino-octahvdroauinoUn-7f8HVone-7-ethvlene ketal hydrochloride 

Step A; ^AggtYl-T-gtfaQxypimglQnitrile 

To a 50 mL round bottom flask fitted with a Teflon stirrer 
were added 13 gm (100 mmol) of ethyl acetoacetate, 15 mL of tert- 
butanol and 7.5 mL of benzyltrimethylammonium hydroxide (Triton B™, 
40 % by weight) in methanol. The solution was cooled to 4 °C with ice 
and added dropwise over 10 min 10.6 g (100 mmol) of acrylonitrile 
keeping the solution temperature <20 °C. The reaction was stirred for 4 h 
at 25 °C. The product falls out of solution and the mixture became a 
solid mass. Cold water (100 mL) was added to suspend the precipitate 
and filtered. The crystalline product was washed with 2X 20 mL of ice 
water and dried under reduced pressure at 60 °C overnight to recover 
18.5 g (78%) of product 

lH NMR (400 MHz, CDCI3) 8 1.30(t, 3H, J=7 Hz); 2.1-2.4(m, 8H); 
2.19 (s, 3H); 4.27 (q, 2H, J=7 Hz). 
25 

Step B; 3A4a.5-Tetrahvdmnuino1in.2f IHVKfiHWW 

This procedure is taken from C. F. Koelsch et al. J. Am. 
Chem. Soc, 1959, 72, 346. Y-Acetyl-y^thoxypimelonitrile (18.5 g) was 
30 treated with a hot solution (120 °C) of 41 mL of concentrated sulphuric 
acid and 18 mL of water. After heating at 140 °C for 15 min, the 
solution was poured into 200 mL of ice water with mechanical stirring 



10 



15 



20 
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and added CaC03 until the pH> 6.0. The precipitated CaS04 was 
filtered and washed with 3X 100 mL of water. The water was removed 
under reduced pressure and the residue was recrystallized from boiling 
water to recovered 4.5 g (36%) of product; (Lit. yield= 42%). mp=233- 
235 <>C(Lit = 234-235 
°C). 

lH NMR 400 MHz(CDCl3) 8 1.55-1.85(m, 2H); 2.0-2.1(m, 1H); 2.15- 
2.25 (m, 1H); 2.35-2.7 (m, 5H); 5.40 (s, 1H); 7.90 (bs, 1H). 

StPP C; 3.4.4a, S-Tetrahvriro^iiinnli^ 

A mixture of the vinylogous imide 3,4,4a,5- 
tetiahydroqumolin-2(lH)-7(6H)-dione (1.30 gm, 7.9 mmol) , ethylene 

15 glycol (4.7 mL), p- toluenesulphonic acid (100 mg), and benzene (200 
mL) was heated under reflux with stirring using a Dean Stark water 
separator for 40 h. After the solvent was removed under reduced 
pressure, the resulting residue was extracted with chloroform. The 
extract was washed with saturated NaHC03 and brine, evaporated to give 

20 a solid which was chromatographed on silica gel (95/5 - CH2CI2/ 
MeOH). Chromatography gave 980 mg of product Yield=60%. 

lH NMR (400 MHz, CDCI3) 8 1.7-1.8(m, 3H); 2.0-2.1(m, 1H); 2.1-2.2 
(m, 5H); 2.4-2.5(m, 2H); 3.97 (s, 4H); 7.28 (bs, 1H). 



25 



Step P; He7tahvdro-quinolin-?riHV7r8m.Hio». 7 . ftt hvi ft n»wt a i 



The product of step C (980 mg, 4.7 mmol) was 
hydrogenated over 5% Rhodium/aluinina (1.0 g) in 10 mL of ethanol at 
30 50 psi for 18 h. The catalyst was filtered from the solution and the filtrate 
evaporated under reduced pressure. The solid was chromatographed on 
silica gel (97/3 - CH2CI2/ MeOH) and 570 mg of the desired product was 
recovered along with 150 mg of starting material, mp=171-1730. 
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lH NMR 400 MHz(CDCl 3 ) 6 1.4-2.3 (m, 9H); 2.4-2.55(m, 2H); 3.75(m, 
1H); 3.9 (bs, 4H); 6.2 (bs, 1H). 

SteP E: 2-Methoxv-hexahvdfo-quinn1in-7r« HVone-7- e thvlpn ff ^ | 

In a 10 mL round bottomed flask fitted with a stirrer bar 
were added 100 mg of 3A molecular sieves (Linde), 4 mL of methylene 
chloride and 162 mg of trimethyloxonium tetrafluoroborate (1.1 mmol) 
andcis-octahydio-qiunoline-2-one,7-ethyleneketal(211 mg, 1.0 mmol). 
10 The mixture was stirred under N2 for 4 hat 22 oc. The solution was 
diluted with 10 mL of CH2CI2 and washed with 2 x 5 mL of 5% 
NaHC03. The organic layer was dried over MgS04, filtered, and 
concentrated. Recovered 190 mg of a cream colored solid which by 
NMR was the desired product. 

15 

*H NMR 400 MHz(CDCl3) 6 1.3-1.65(m, 5H); 1.8-1.9(m, 3H); 
2.03(ddd, 1H, J=14Hz, J=7Hz, J=3Hz); 2.2 (m, 2H); 3.61 (s, 3H); 
3.77(bd, 1H); 3.9-4.0 (m, 4H). 

20 StffP F; 2-TTnino-OCtahvdroniiinolin-7fflm-nn^ 7.ethv1 e n e k-fttfll 
hydrochloride 

In a 25 mL glass pressure bottle fitted with a Teflon stirring 
bar were added iminoether (180 mg, 0.8 mmol), ammonium chloride (39 
25 mg,0.72mmol)and2mLofethanol. The tube was sealed and heated at 
100 °C overnight. The solvent was removed in vacuo and added ethyl 
acetate when the product precipitated. The solid was filtered and dried to 
recover 120 mg of the hydrochloride salt 

30 lH NMR 400 MHz(CD30D) 8 1.55-1.62(m, 1H); 1.63-1.88(m, 5H); 
1.925 (d, 1H, J=2Hz); 1.936 (d, 1H, J=2Hz);2.1(m, 1H,); 2.65(dt, 2H, 
J=10 Hz, J=2.5 Hz); 3.77 (m, 1H). 



Mass Spectrum m/e = 207 (M+l). 
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EX AMPLE 117 



5 




2-Imino-octahvdro-auinoHn-7(8m-one hydrochloride 
Step A: ris-Octahvdroauinolin-2nHl7(8Hldione 

10 

Hexahydro-quinolin-2(lH),7(8H)-dione,7-ethyleneketal 
(160 mg, 76 mmoL) was suspended in 5 mL of 2N HC1 and stirred 
overnight at room temperature. Then solid K2CO3 was added to 
neutralize the solution. The solvent was removed under reduced pressure 
IS and the residue extracted with chloroform. The CHCI3 solution was 
concentrated under reduced pressure and the residue recrystallized from 
EtOAc and hexane. Recovered 1 10 mg of product 

lHNMR(400MHz,CDa3)5l.8-2.1(m,5H);2.3-2.45(m,5H); 1.65 
20 (dd, 1H, J=17Hz, J=6H); 3.95(m, 1H); 6.15 (bs, 1H). 

StepB: 2-Methoxv-hexahvdro-quinn1in-7f8H)-one 

This product was made by the procedure described for step 
25 E of example 1 16. 

lH NMR (400 MHz, CDCI3) 6 1.75-1.9(m, 4H): M-2.17(m, 1H); 2.19 
(t, 1H, J=6Hz); 2.30(t, 1H, J=6 Hz); 2.41 (dd\lh . =16 Hz, J=7 Hz); 2.67 
(dd,lH, J=14 Hz, J=5 Hz); 3.58 (s, 1H); 3.89 (m, 1H). 

30 

Step C; 2-Tmino-OCtahvdro-auinolin-7C8m-one hydrochloride 
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of example 116. 



This product was made by the procedure described for step F 



*H NMR (400 MHz, CD3OD) 8 1.9-2.0(m, 3H); 2.04(m, 1H, J=7Hz); 
5 2.4-2.5 (m, 3H); 2.58(dd, 1H, J=12 Hz, J=7 Hz); 2.65-2.8 (m, 3H); 4.0- 
4.07 (m, 1H). 



7-AcgtYlO?tY-2-iminO-trans-(4a.8aVdecahvdmquinn1inP hvdmchlnriHft 

15 Step A; 7-Hvdroxv-octahvdro-trans-(4 a .8 a ^ uinolin.2rim-nn^ 

3,4,4a,5-Tetrahyd^uinolin-2(lH)-7(6H)-dione (2.92g, 17 
mmol) was added to a small Parr pressure bottle with 220 mg of platinum 
oxide and 75 mL of acetic acid. The solution was pressurized to 50 psi 

20 with H 2 and shaken for 18 h. The catalyst was removed by filtration and 
the acetic acid stripped off under reduced pressure. Two major products 
were observed by TLC (97/3 CH2Cl2/MeOH). The lower Rf material, a 
mixture of 4a,8a- cis and trans ring junction 7-ol's (400 mg) was isolated 
by column chromatography (97/3 CH2Cl2/MeOH). This material was 

25 further purified by recrystallization from ethyl acetate whereupon the 
trans-4a,8a-ring junction -7-ol crystallized out of solution (7-OH 
configuration unknown). 

lH NMR 400 MHz(CDCl3) 5 1.05-1.15(m, 1H); 1.2-1.7(m, 5H); 1.7-1.8 
30 (m, 2H,); 1.95-2.15 (m, 2H); 2.3-2.5 (m, 2H); 2.65 (bs, 1H, -OH); 2.95 
(m, 1H); 3.7 (m, 1H); 6.45 (bs, 1H). 

SteP B; 7-Acetvloxv^ctahvdrfwfrans-r4a.« a W 11T i n ff li n -2nHWin e 



EXAMPLE 118 
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7-Hydroxy-octahydro-trans-(4a,8a)-quinolin-2(lH)-one (89 
mg, 0.82 mmol) was dissolved in 5 mL of pyridine. After cooling to 4 
OC acetyl chloride (116 [iL) was added dropwise with stirring. The 
5 reaction was stirred 20 minutes, the solvent was removed in vacuo, then 
added 10 mL of CH2CI2 and washed with 2x2 mL of 2 N HC1. The 
organic layer was dried over MgS04- The filtrate was reduced in volume 
and chromatographed (97/3 CH2Cl2/MeOH) to give 51 mg of the title 
compound. 

10 

lH NMR (400 MHz, CDCI3) 8 1.2(dq, 1H, J=12 Hz, J=3Hz); 1.3-1.5(m, 
5H); 1.75-1.85 (m, 2H,); 2.01 (s, 3H); 2.0-2.05 (m,lH); 2.1-2.15 (m, 1H); 
2.3-2.5 (m, 2H); 3.0 (m, 1H); 4.7 (m, 1H); 6.25 (bs, 1H). 

15 Step C; 7-Acetvloxv-2-mewoxv-octahvditvtrans-f4a.8aVquino1in e 

7-A(»tyloxy-octahydro-trans-(4a,8a)-qumolin-2(lH)-one 
was converted to the above compound as previously described in step E 
of example 116. 

20 

lH NMR (400 MHz, CDCI3) 0 1.0-1.2(m, 2H); 1.22-1.35(m, 1H); 1.35- 
1.45 (m, 2H,); 1.72-1.8(m, 2H); 2.02 (s, 3H); 2.2-2.3 (m, 2H); 2.4-2.5 
(m,lH); 2.85-2.9 (m, 1H); 2.95 (m, 1H); 3.61 (s, 3H); 4.82 (m, 1H). 

25 Step D; 7-AceWloxv-2-imino-trans-(4a.8a^-decahvdroqninnlin ft 
hYdrpchlQridg 

7-Acetyloxy-2-memoxy-octahydro-tians-(4a,8a)-qumoline 
was converted to the title compound as prevously described in step F of 
30 example 1 16. 

*H NMR (400 MHz, CD3OD) 8 1.25-1.35(m, 1H); 1.4-1.55 (m, 4H,); 
1.85-1.95(m, 2H); 2.02 (s, 3H); 2.0-2.15 (m,lH); 2.33-2.4 (m, 1H); 2.7- 
2.8 (m, 2H); 3.1-3.2 (m, 1H); 4.8-4.9 (m, 1H). 
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EXAMPLE 119 



HO' 



XXX 



NH HCI 



5 



7-Hvdroxv-2-imino-trans-r4a.8aVdecahvdroQuinoline. acetic acid salt 

7-Acetyloxy-2-imino-trans-(4a,8a)-decahydroquinoline 
10 hydrochloride (28 mg, 0.12 mmol) was added to 1 mL of methanol in a 2 
dram vial. The solution was cooled to 4 °C and ammonia gas was slowly 
bubbled in with vigorous stirring. The vial was sealed and the solution 
let stand at 4 °C overnight. The next morning, the solvent was removed 
under reduced pressure and the residue chromatographed over silica gel 
15 (17/2/1 - acetonitrile/water/acetic acid). The title compound was 
recovered (Rfc=0.25, 7mg). 

lH NMR (200 MHz, CDCI3) 8 1.20-1.60(m, 5H); ; 1.8-1.9(m, 2H); 
1.95-2.1 (m,2H); 2.3-2.4 (m, 1H); 2.7-2.8 (m, 2H); 3.1-3.2 (m, 1H) (90- 
20 proton); 3.6-3.8 (m, 1H). 

Mass Spectrum m/e = 169 (M+l) 



25 



EXAMPLE 120 




7-Acetvloxv-2-imino-decahvdroquinoline. acetic acid salt 



30 



Step A: 7-Acetvloxv-octahvdro-auinoUn-2(lHVone 



WO 96/14844 



PCT/US9S/14812 



-166- 



7-Hydroxy-octahydro-quinoIin-2(lH)-one, ((3/7 ratio), 250 
mg, 1.48 mmol) was recovered from the mother liquors from the Pt02 
catalyzed hydrogenation of 3 A4a,5-tetrahydroquinolin-2(lH)-7(6H)- 
5 dione (example 1 18 step A). This material was acetylated with acetic 
anhydride (2.4 mL) and 4-(dimemylamino)pyridine (40 mg) in pyridine 
(4.8 mL) at 0 °C. After 6 h, no starting material was seen by TLC. The 
solvent was removed under reduced pressure. Methylene chloride (100 
mL) was added to the residue *hich wa* .*quentially washed with 3x 25 

10 mLofwater,2x25iriof5%somumbicaibonate,and2x25inLof 
brine. After drying over MgS0 4 , the solution was filtered and reduced in 
volume. Chromatography (96/4 CH 2 Cl2/MeOH) gave 160 mg of a 60/40 
mixture of cis/trans isomers (by NMR). 

15 lH NMR (400 MHz, CDC1 3 ) 6 2.007 (s,3H) (cis acetyl); 2.013 (s,3H) 
(trans acetyl); 3.0 (m, 1H); 3.75 (m, 1H). 

Step B; rvlOYV-?-methnyv-nr r{lhY ^ T11TinTT | inr 

7 -Acetyloxy-octahydro-quinolin-2(lH)-one (120 mg) was 
20 converted to the above compound as previously described in Step E of 
example 116. This product was carried on through to the amidine acetate 
without characterization. 



25 



30 



7-Acetyloxy-2-memoxy-octahydro-quinoline was converted 
to the title compound as prevously described in step F of example 1 1 6. 

Mass Spectrum m/e = 21 1(M+1). 



EXAMPT.F 12] 



WO 96/14844 



PCTAJS95/14812 



-167- 



y NH HCI 

2-Imino-3-Methv1-octahvdro-cis-pvrano^.3-j>/-pvridine hydrochloride 

5 Step A: Benzvl-fteti^vdro-pvran-4-vlideneVamine 

A solution of tetrahydro-(4/r>pyran-4-one (10 g, 100 
mmol), benzylamine (10.7 g, 100 mmol), and SO mL of toluene was 
heated to reflux with a Dean-Stark trap under N2 for 20 h. The mixture 
10 was cooled and the solvent removed under reduced pressure. The residue 
was distilled under reduced pressure (105-107©, 0.09mm Hg) and 5.6 g of 
product was isolated, yield=30%. The bulk of the reaction mixture 
polymerized during distillation. 

15 lH NMR (200 MHz, CDCI3) 8 2.5 (q,4H, J=8 Hz); 3.73-3.83 (t, 2H, 
J=8Hz); 3.85-3.95 (t, 2H, J=8Hz); 4.58 (s,2H); 7.2-7.4 (m, 5H). 

Step B; l-Benzvl-3-methvl-1.3A5.7.8-hexahvdro-pvr a no/4..?.fe7pvridin- 
2-one 

20 

To a solution of benzyl-(tetrahydro-pyran-4-yhdene)-amine, 
(950 mg, 5 mmol) in a glass wall pyrolysis tube was added methyl 
methacrylate (750 mg, 7.5mmol, 1.5 equiv). This mixture was heated for 
5 days. Then another 1.5 g of methyl methacylate was added (15 mmol, 
25 2 equiv) and heating continued for 4 more days. The mixture was 
transferred to a round bottomed flask and the volatile component 
removed under reduced pressure. The residue was chromatographed 
(80/20 hexane/ethylacetate) and a lower Rf spot (530 mg, UV active on 
fluorescent treated silica gel plate) was isolated. 

30 

lH NMR (400 MHz, CDCI3) 8 1.25(d,3H, J=7 Hz); 1.9-2.0 (m, 1H); 2.1- 
2.17(m, 2H); 2.1-2.17(m, 1H); 2.6-2.7 (m, 1H); 3.68-3.75 (m, 1H); 3.75- 
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10 



15 



20 



25 



30 




3.83 (m, 1H); 4.06 (q, 2H, J=14 Hz); 4.72 (d,lH, J=16 hZ); 4.92 (d,lH 
J=16 Hz); 7.12 (d, 1H, J=7 Hz); 7.20 (t, 1H, J=7 Hz); 7.25-7.29 (m, 3H). 

vrano^..?-/>/p V riHin.?-^ nr 

l-Benzyl-3-methyl-l,3,4,5,7,8-hexahydro-pyrano[4,3- 
b]pyridin-2-one (570 mg, 22.2 mmol) was dissoved in ethanol (10 mL) 
and placed in a small Parr pressure flask containing 270 mg of 5% 
rhodium/Al203. This mixture was pressurized to 60 psi and shaken for 
20 h. The catalyst was filtered and the filtrate reduced in volume. Three 
separate spots were observed by TLC (65/35 hexane/ EtOAc). The UV 
active derivative was isolated by flash chromatography (90 mg) and 
shown to be the desired product by NMR. 

lH NMR (400 MHz, CDC1 3 ) 5 1.30 (d,3H, J=7 Hz); 1.7-1.8 (m, 1H); 
1.82-1.95 (m, 2H); 2.08(q, 1H, J=13 Hz); 2.45.2.55 (m, 1H); 3.24 (dt, 1H 
J=16 Hz, J=2 Hz); 3.3-3.4 (m, 1H); 3.48(dd, 1H, J=16 Hz, J=2 Hz); 3.77 
(d,lH, J=12 Hz); 3.926 (d,lH, J=15 Hz); 3.90 (m, 1H); 5.27 (d, 1H, J=15 
Hz); 7.2-7.35 (m, 5H). 

l-Benzyl-3-memyl-octahydrc-^is-pyrano[4,3-b]pyridin-2- 
one (90 mg, 0.35 mmoL) was placed in a 25 mL 3-neck flask fitted with a 
Teflon stirrer bar, gas inlet valve and a dry ice condenser. The flask was 
flushed with N2 and ammonia was condensed into the flask (15 mL). 
Tnen sodium metal was added portionwise into the solution until a blue 
color just persisted (-25 mg). After 1 h, 30 mg of ammonium chloride 
was added. The ammonia gas was allowed to evaporate, 3 mL of water 
was added and the resultant solution extracted with CH2CI2. The organic 
layer was dried over MgS04, filtered and the residue chomatographed on 
silica gel (98/2 CH2Cl2/MeOH) to recover 22 mg of product 
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lH NMR (400 MHz, CDCI3) 8 1.18 (d,3H, J=10 Hz); 1.7-1.85 (m, 4H); 
2.0-2.1(m, 1H); 2.35.2.45 (m, 1H); 3.35-3.4 (m, 1H); 3.5-3.6(m, 1H); 
3.62 (dd,lH, J=12 Hz, J=3 Hz); 3.77(o\lH, J=12 Hz); 3.75-3.80 (m, 1H). 

5 Step Ei 2-Methoxv-3-methvl-hexahvdro-cis (4H)ip\nnof4.3-b /pyridine 

3-Methyl-octahydro-cis-pyrano[4,3-b]pyridin-2-one (22 mg, 
0. 14 mmol) was converted to the imino ether by die method as previously 
described in step E of example 1 16 to recover 20 mg of product. 

10 

*H NMR 200 MHz(CDCl3) 8 1.14(d\3H, J=7 Hz); 1.3-1.5 (m, 1H); 1.6- 
1.9 (m, 5H); 2.2-2.4(m, 1H); 3.37 (dt, 1H, J=12 Hz, J=2 Hz); 3.5-3.62 (m, 
1H); 3,61 (s, 3H); 3.6-3.7(m, 1H); 3.8-3.9 (m, 1H). 

15 Step F: 2-Iimno.3-Methv1-octahvdro-cis-pvranoA4.3-fe;-pvridine 
hydrochloride 

2-Memoxy-3-memyl-hexahydro-cis(4H)pyrano[4,3- 
bjpyridine (20 mg, 0.1 mmol) was converted to the above compound as 
20 prevously described in step F of example 1 16. 

lH NMR (400 MHz, CD3OD) 8 1.18-1.25 (m, 1H); 1.36 (d\3H, J=7 Hz); 
1.7-1.9(m, 4H); 2.0-2.1 (m, 1H); 2.8-2.9(m, 1H); 3.425 (dt, 1H, J=12 Hz, 
J=3 Hz); 3.65-3.7 (m, 1H); 3.6-3.7(m, 1H); 3.7-3.8 (m, 2H); 3.9 (m, 1H). 



25 



Mass Spectrum (M+l)=191. 



EXAMPLE 122 



30 




NH HCI 
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2-Imino-4-mcthYl-octahvdro-DvranoM.3-j» /pyridine hvdmrhlnridp 

Step A; l-Benzvl-4-methvl-1 J.4.5.7.8-hexahvdm-pvr a no^..9-/>y p vridin- 
2-one 

5 

To a solution of benzyl-(tetrahydro-pyran-4-yhdene)-aimne, 
(5.0g, 26 mmol) in a glass wall pyrolysis tube was added methyl 
crotonate (40g, 260 mmol, lOequiv) and heated for 7 days. The mixture 
was transfered to a round bottomed flask and the volatile component 

10 removed under reduced pressure. The mixture was chromatographed 
(75/25 hexane/ethylacetate) to give three spots. The hightest Rf material 
was the Michael addition adduct of benzyl amine to methyl crotonate. 
The next lower Rf spot is 4-methyl-l,3,4,4a,5 ,7-hexahydro-pyrano/43- 
fc/pyridro-2-yhdene-aniine, the 8,8a unsaturated analog of the bicyclic 

15 pyran while the lowest Rf product is the desired intermediate (900 mg, 
3.5 mmol) 

lH NMR (400 MHz, CDCI3) 5 1.02 (d,3H, J=6 Hz); 2.1-2.2 (m, 1H); 
2.25-2.35(m, 3H); 2.70 (dd,lH, J=12 Hz, J=6 Hz); 3.65-3.70 (m, 1H); 
20 3.75-3.85 (m, 1H); 4.10 (q, 2H, J=14 Hz); 4.65 (d,lH, J=16 Hz); 5.01 
(<UH, J=16 Hz); 7.1-7.3 (m, 5H). 

Stgp B; 4-Mgfhvl-l ']4<>1 8-hexahvdro-nvrano/4.i-/>/pvriHin-7-nn ff 

25 l-Beiizylr4-me%l-l,3,4,5,7,8-hexahydro-pyranoM5- 
£7pyridin-2-one (800 mg, 3.2 mmol) was debenzylated according to the 
the method of example 121, step D to recover 190 mg of product. 

*H NMR (400 MHz, CDCI3) 8 1.02 (d,3H, J=6 Hz); 2.14 (m, 2H); 2.27- 
30 2.35(m, 2H); 2.61 (dd,lH, J=12 Hz, J=6 Hz); 3.81(t, 2H, Hz); 4.10 
(q,2H,J=14hZ). 



Step C: 4-Methvl-octahvdm-cis. 



/^J-fe/pvridin-^-nnft 
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4-Methyl- 1 ,3 ,4,5,7,8-hexahydro-pyrano[4,3-b]pyridin-2-one 
(210 mg, 1.25 mmol) was hydrogenated using 5% rhodium on alumina as 
prevously described in example 121 step C for l-benzyl-3-methyl- 
octahydro-cis-pyrano[4,3-b]pyridin-2-one. Recovered 61 mg of product. 
5 The NMR indicated approximately a 9/1 ratio of the 0/a 4-methyl 
product 

lH NMR (400 MHz, CDCI3) 5 0.99 (d,3H, J=6 Hz); 1.53 (d, 1H, J=18 
Hz); 1.95-2.1 (m, 4H); 2.34 (dd,lH, J=18 Hz, J=6 Hz); 3.44 (t, 1H, J=12 
10 Hz); 3.53 (t, 1H, J=12 Hz); 3.7-3.78 (m, 2H); 3.80 (dd, 1H, J=12 Hz, 
J=5 Hz); 6.35 (bs, 1H). 

SteP D; 2-MethOXV-4-methv1-hexahvdro-C K. transr4H^vr a nnr4 1 

blpyridine 

15 

4-Me%l-octahydro-cis-pyrano[43-b]pyridin-2-one (60 
mg, 0.35 mmoL) was converted to the above compound as previously 
described in step E of example 1 16 for 2-methoxy-hexahydro-quinolin- 
7(8H>one-7-ethyleneketal. A mixture of cis and trans ring junction 
20 derivatives was isolated. (20 mg). 

lH NMR (400 MHz, CDCI3) 5 0.95 (d, 3H, J=7 Hz); 1.01 (d, 3H, J=7 
Hz); 1.36 (d,3H, J=7 Hz); 3.69 (s, 3H); 3.74 (s, 3H). 

25 SttPE; Z^mino-^methvl-octahvdro-nvrann ^.i-A/pvridine 
hydrochloride 

2-Memoxy-a,pM-memyl-hexahy<lro-cis,trans(4H)pyrano- [4,3- 
b]pyridine (20mg) was converted to the above compound as prevously 
30 described in example 116,stepF. 



lH NMR (400 MHz, CD3OD) 8 1.09(d, 3H, J=7 Hz); 1.03 (d,3H, J=7 
Hz). 
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Mass Spectrum m/e = 168.(M+1) 



EXAMPLE 123 

CH 3 

ctx 

^^Jj^NH HOAc 

2-IlMno-4-Meftv1-1.3.4.5.7.8-hexahvd^ 
acid salt 

StCD A: 2-Methoxv-4-niethv1-^S.7.«-tetr a hvdm-4H-fivr a iinr4 

blpyridine 



4-Me%l-l,3,4,5J,8-hexahydro-pyrano[4,3-bJpyridin-2-one 
15 (42 mg, 0.25 mmoL), obtained in step A example 122, was converted to 
the above compound as previously described in example 116 step E. 

lH NMR 400 MHz(CDCl3) 6 0.92 (cUH, J=7 Hz); 2.1-2.15 (m, 2H); 
2.2-2.6(m, 3H); 3.30 (d,lH, J=12 Hz); 3.80(s, 3H); 4.05-4.2(q, 2H, J=16 
20 hZ). 



Step B; 2-Tmino-4-Methv1-1.34.5.7.8-heic a hvHm-nvT a noM ?./,7pvriHinP 

acetic acid salt 



25 2-Memoxy-4-memyl-3,5J,8-tetrahydro-4H-pyrano[4,3- 
bjpyridine (16 mg, 0.1 mmoL) was converted to the above compound as 
prevously described in example 1 16 step F. 

lH NMR (400 MHz, CD3OD) 8 1.044(d, 3H, J=7Hz); 1.93 (s, 3H, 
30 acetate protons); 2.2-2.3 (m, 2H); 2.4-2.47 (m, 1H); 2.56 (dd, 1H, J=12 
Hz, J=6 Hz); 3.94 (ddJH, L=16 Hz, J=5 Hz); 3.33(dd, 1H, J=9 Hz, 
J=2Hz); 3.84 (t 1H, J=5 Hz); 4.1-4.23(m, 1H). 
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Mass Spectrum m/e =167. (M+l) 



EXAMPLE 124 



a. 



*N'^NH HCI 
CH 3 

2-Imino-l-mgthyl-piperidine hydrochloride 

10 

This compound was prepared according to the procedure 
described by Rama Rao et aim Syru Comm.: 18, 877-880 (1988). 

lH NMR (400 MHz, CD3OD): 8 1.89 (m, 4H); 2.62 (t, 2H); 3.14 (s, 3H); 
15 3.53 (t,2H). 

Mass spectrum m/e = 1 14 (M+l) 



20 EXAMPLE 125 



N-(l-Benzvl-2-piperidinvlideneVTsr-( p h ft nv1^-.i^ 

25 

Step A; 2-Imino-l-benzvl.piperidine tetrafluoroborate 

To a solution N-benzyl-valerolactam (1.3 g, 6.87 
mmol) in methylene chloride (25 mL) was added trimethyloxonium 
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tetrafluoroborate (1.12 g, 7.57 mmol). The reaction mixture was stirred 
overnight at room temperature under a nitrogen atmosphere. Dry 
ammonia gas was then bubbled through the reaction mixture for one 
hour, and the mixture was allowed to stand for an additional hour at room 
5 temperature. The mixture was evaporated under diminished pressure and 
dried in vacuo. The crude product was used without further purification 
in Step B. 



SlSELBj N-d-Benzvl-l-pineridinvlidenftVN'-fahenvn-nma 

10 

The fluoboric acid salt from Step A was treated with 
several mL's of 50% sodium hydroxide, and the free 2-imino-l -benzyl - 
piperidine was extracted with benzene. The benzene layer was decanted, 
dried (K2CO3), and evaporated to give an oil. 300 mg of the resulting oil 

15 was dissolved in methylene chloride (2.5 mL) and treated with 1,8- 
diazabicyclo[5.4.0]undec-7-ene (204 *iL, 1.36 mmol) and phenyl 
isocyanate (148 uL, 1.36 mmol). The reaction mixture was stirred 
overnight at room temperature, diluted with methylene chloride, washed 
with 2 N hydrochloric acid, saturated sodium hydrogencarbonate 

20 solution, saturated brine solution, dried (Na2S04), and evaporated. The 
product was crystallized from ethyl acetate; yield 150 mg. 

lH NMR (400 MHz, CDCI3): 8 1.76 (m, 4H); 3.04 (t, 2H); 3.25 (t, 2H); 
4.78 (s, 2H); 6.93-7.34 (m, 10H). 

25 

Mass spectrum m/e = 308 (M +1). 



EXAMPLE 126 

30 
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N-r2-Piperidinv1iden eVN'-(Dhenv1Vuriea 

N-d-Benzyl^-piperidinylideneJ-N'-^henyD-ureaCVO 
5 mg, 0.228 mmol, from Example 125) in glacial acetic acid (2 mL) was 
hydrogenolyzed in the presence of 10% Pd/C (30 mg) for 8 h. The 
catalyst was removed by filtration through an Anotop 25 Dispo Syringe 
Filter (0.2 urn). The filtrate was evaporated and coevaporated several 
times with toluene. The product was purified by flash silica gel 
10 chromatography eluting with 1-5% methanol/CH2Cl2; yield 15 mg. 

lH NMR (400 MHz, CD3OD): 8 1.85 (m, 4H); 2.59 (br m, 2H); 3.50 (br 
m, 2H); 7.05 (t, 1H); 7.28 (t, 2H); 7.50 (d, 2H). 

15 Mass spectrum m/e = 218 (M +1). 



EXAMPLE 127 



20 




N-ri-f^MethQXVlyen^lV^-nineridinvli^nftl- N '-fphenvlViif^ 
Step A: 2-Tmino-l-f4-methoxvben7vn- p iperidine tetrafluoroborate 

This compound was prepared in a similar manner as in Step 
A of Example 126. The crude product was used without further 
purification in Step B. 

Step B; N41-(4-Methox Y beii7VlV2-piT) e ri d in v liden e1-N^fph e nv1Vnm a 
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The fluoboric acid salt from Step A was treated with several 
mL's of 50% sodium hydroxide, and the free 2-imino-l-(4- 
methoxybenzyl)-piperidine was extracted with benzene. The benzene 
layer was decanted, dried (K2CO3), and evaporated to give an oil. 300 
5 mg of the resulting oil was dissolved in methylene chloride (2 mL) and 
treated with l,8-diazabicyclo[5.4.0]undec-7-ene (204 uL, 1.36 mmol) 
and phenyl isocyanate (148 uX, 1.36 mmol). The reaction mixture was 
stirred for 2 hours at room temperature, diluted with methylene chloride, 
washed with 2 N hydrochloric acid, saturated sodium hydrogencarbonate 
10 solution, saturated brine solution, dried (Na2S04), and evaporated. The 
product was purified by flash silica gel chromatography eluting with 30% 
ethyl acetate in hexane; yield 127 mg. 

lH NMR (400 MHz, CDCI3): 6 1.73 (m, 4H); 3.03 (t, 2H); 3.22 (t, 2H); 
15 3.79 (s, 3H) 4.70 (s, 2H); 6.83-7.27 (m, 9H). 

Mass spectrum m/e = 338 (M +1). 



20 EXAMPLE 128 

HN^O 

2-Imino-l -fbenzvlaminocai+mnvn- piperidine 

To a mixture of 2-imino-piperidine hydrochloride (250 mg, 
1.86 mmol) in acetonitrile (8 mL) cooled in an ice-bath were added 1,8- 
diazabicyclo[5.4.0]undec-7-ene (277 uX, 1 .85 mmol) and benzyl 
isocyanate (229 nL, 1.85 mmol). The reaction mixture was stirred 
overnight at room temperature and then evaporated. The product was 



25 



30 
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purified by flash silica gel chromatography eluting with 2-3% 
methanol/CH2Cl2. 

*H NMR (400 MHz, CD3OD): 8 1.78 (m, 4H) 2.37 (m, 2H); 3.39 (m, 
5 2H); 4.34 (s, 2H); 7.18-7.31 (m, 5H). 

Mass spectrum m/e = 232 (M + 1). 



10 EXAMPLE 120 



15 



OCX 



NH HCI 



Cw-QctahvdrO-3-imino-2H-1 ^tenzoxazine hvHrnrhlnriH*- 

Step A; Cis-hexahvdro-1.4-benzoxazin-^r4m-nn ft ' 



A mixture of 2H- 1 ,4-benzoxazin-3(4H)-one (lg) and 
platinum oxide (0.5g) in 50 mL of glacial acetic acid was hydrogenated 
20 on Parr shaker at room temperature and 50 psi for 2 days. Thecatatlyst 
was filtered and washed with acetic acid. The filtrate was concentrated to 
give the desired lactam as white solid after purification on silica gel using 
2% methanol in ethyl acetate as solvent 

25 Step B: Cis-Octahvdrrv3-imino.2H-1.4-hen7 /)xazine hydrochloride 

The title compouhd was prepared according to the method 
described in Examples 2 and 3. 

30 lH NMR (D6-DMSO): 4.52(m,2H); 3.88(m,lH); 1.16-1.8(m,8H) 



EXAMPLE 130 
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^j^NH HCI 

2-irmxiQpmmm hydrochloride 

5 

Step A: 2-Ketopipera7in ft 

A solution of 10.2 g (81 mmol) of ethyl chloroacetate in 50 
mL of ethanol was added dropwise over 1 hr to a solution of 30 g (0.5 M) 

10 of ethylene diamine in 125 mL of ethanol at room temperature. The 
mixture was stirred 3 hrs and 4.4 g (81 mmol) of sodium methoxide was 
added and the mixture was stirred additional 4 hours. The resulting 
voluminous white precipitate was filtered and the filtrate was 
concentrated to give oily residue which was heated at 200 °C (bath 

15 temperature) for 5 mins with a wide distillation head. A solid deposited 
in the distillation head during the distillation. After 1 .5 hrs of distillation, 
distillation head was washed with methanol to remove the desired 
product Methanol washes were concentrated to give a crude product 
which was purified on silica gel using 5:2 mixture of 

20 chloroform:methanol as solvent to provide 2.3 g of the desired product as 
yellow solid. 

lHNMR(DMSO): 2.74(m,2H); 3.1(m,2H); 3.13(s,2H); 7.58(b,lH) 
25 Step B: 4-t-Bntoxvcarbonvl-2-ketopipera7inft 

A mixture of 500 mg (5 mmol) of 2-ketopiperazine, 1.2 g 
(5.5 mmol) of t-butyldicarbonate and 2 g of sodium chloride in 7.5 mL of 
water and 10 mL of chloroform was heated to reflux 4 hrs. The reaction 
30 mixture was cooled to room temperature and extracted with ethyl acetate. 
The combined ethyl acetate extracts were dried over anhydrous 
magnesium sulfate . Solvent removal gave a crude product which was 
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purified on silica gel using 5% methanol in ethyl acetate as solvent to 
give 925 mg of the desired carbamate lactam as white solid. 

!H NMR (CDC13): 1.46(s,9H); 3.37(m,2H); 3.62(m,2H); 4.08(s,2H) 

5 

Step C: 4-t-Butoxvcarbonvl-2-imino piperazine hydrochloride 

The title compouind was prepared according to the 
procedure described in Examples 2 and 3. 

10 

lH NMR (DMSO): 1.42(s,9H); 3.35(m,2H); 3.52(m,2H); 4.32(s,2H); 
8.75(b,lH); 9.04(b,lH); 10.05(b,lH). 

Step D: 2-lmino ninerazine hvrfrrehlnriHft 

15 

Hydrogen chloride gas was bubbled through 6 mL of ethyl 
acetate at 0 °C for 3 mins. Solid 4-t-butoxycarbonyl-2-imino piperazine 
hydrochloride (36 mg) was added and the mixture was stirred overnight 
at room temperature. Solvent and hydrochloric acid gas were evaporated 
20 in vacuo to give 24 mg of the desired imino piperazine hydrochloride as 
white solid. 

lH NMR (DMSO): 3.35(3H);3.54(m,2H);4.12(s,2H); 8.98(b,lH); 
9.3(b,lH); 10.16(b,lH) 

25 

EXAMPLE 131 
CHa 

30 

4-Methvl-2-iminonine.razine hvdmchloride 
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Step A: 4-Methv1-2-oxo-ninera7in ft hydrochloride 

4.4 g (100 mmol) of ethyleneimine was added to 7.8 g (66 
mmol) of saicosine ethyl ester with stirring at 60 °C. The mixture was 
5 then heated 1 day at the same temperature. Volatile materials were 
removed in vacuo and the residue was purified on silica gel using 
methanol/ethyl acetate gradient mixtures to give the title compound. 

lH NMR (CDC13): 3.35(2H); 3.06(2H); 2.58(2H); 2.32(3H) 

10 

The hydrochloride salt was prepared by adding ethereal 
hydrochloride solution to a solution of the above tertiary amine and 
stirring the mixture for 1 hour. The resulting solid was filtered and 
washed with ether and dried. 

15 

Step B; 4-Methvl-?.-methoxv-3.4^ fi-tPtiahvdm pyrarine 

A mixture of 1.505 g (lOmM) of 4-methyl-2-oxo-piperazine 
hydrochloride from step A and 3.0 g (20 mM) of trimethyloxonium 

20 tetrafluoroborate in 150 mL of chloroform was stirred for 4 days at room 
temperature under nitrogen. Excess saturated sodium bicarbonate was 
added and stirred 30 mins. The organic layer was separated and the 
aqueous layer was extracted with ethyl acetate. The combined organic 
layers were dried over anhydrous magnesium sulfate. After filtration the 

25 solvent was removed to give a mixture of the title compound and 4- 
methyl-piperazin-2-one as an oil. 

lH NMR (CDCI3): 3.64(s,3H); 3.36 and 3.56(4: 1 l)(m,2H); 3.08 and 2.9 
(4: 1 l)(s,2H); 2.6 and 2.4 (4: 1 l)(m,2H); 2.33 and 2.3(6: 16.5)(s,3H) 

30 

Step C; 4-MethYl-?,-iminopjpera7.ine hydrochloride and 4 .Methy1.9.oTn. 
pjperazine hydrochloric 
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This compound was prepared from 4-methyl-2-methoxy- 
3,4,5,6-tetrahydro pyrazine according to the procedure of example 3. 
This product was contained some 4-methyl-piperazin-2-one which was 
present in the starting material. 

lH NMR (CD30D): 2.92 and 2.43 (s,3H); 3.8 and 3.42(s,2H); 2.75 and 
3.56(t, 2H); 3.45 and 3.8(U2H) 



15 



25 



10 EXAMPLE 132 

J^NH HCI 

2-Iimno-decahvdro-ci5-quinoxaline dihvdrochloride 
Step A: Decahvdro-2(1HWjuinxa1inone 



To a solution of 2.28 g (20 mmol) of cis-1,2- 
diaminocyclohexane in 100 mL of water, 1.74 g (30 mmol) of glyoxal 
20 was added. After stirring for 4 h the reaction mixture was filtered and the 
filtrate was concentrated in vacuo. The residual oil was absorbed on a 
flash column and the column was eluted with 50% EtOAc/hexane, 10% 
MeOH/EtOAc and 50% MeOH/EtOAc to isolate 1.19 g of the title 
compound as an oil. 



Step B; 4-t-Butvloxvcarbonvl-decahvdro-2f lHVquinoxalinone 



A solution of 1.19 g (7.72 mmol) of decahydro-2(lH)- 
quinxalinone in 10 mL of saturated NaHC03 was treated with 2.2 g (10 
30 mmol) of di-tert-butyl dicarbonate. After stirring for 2 h the reaction 
mixture was extracted with EtO Ac and the EtOAc layer was washed with 



WO 96/14844 



PCMJS9S/14812 



- 182- 

brine and dried. The filtrate was concentrated and the residue was 
purified on a flash column to isolate 0.667 g of the title compound. 

SteP C 4-t-ButVlOXVCarhonvI-2-methoxv-3.4.5.6.7 « ^ a X a-octahyHrn. 
5 ouinoxalinone. 



To a solution of 0.254 g (1 mmol) of 4-t-butyloxycarbonyl- 
decahydro-2(lH)-quinoxalinone in 3 mL of CH2C12 was added 0.191 g 
(1.3 mmol) of trimethyloxonium tetrafluoroborate and the mixture was 
10 stirred overnight. The reaction mixture was partitioned between saturated 
NaHC03 and CH2C12. The organic layer was washed with water, brine 
dried and concentrated. The residue was chromatographed using 20% 
Et20-hexane as an eluent to isolate 0.124 g of the tide compound. 

15 Step P; 4-t-Butoxv-2-iminn-H ecahvdrn- C i S - T iinov a |j ni . 

A solution of 0. 123 g (0.45 mmol) of 4-t-Butyloxycarbonyl- 
2-memoxy-3A5,6J,8,5a,8,a-octahydro-quinoxalinone in 3 mL of EtOH 
containing 22 mg (0.41 mmol) of NH4C1 was heated to reflux. After 3 h 
20 at reflux the reaction mixture was concentrated, the residue was triturated 
with Et20 and the solid was filtered and dried to isolate 0.055 mg of the 
title compound. 



25 



Stft?E; 2-Tmino-decahvdro-cis-ouinnT fl iin ft 



To 46 mg of 4-t-butoxy-2-immo-decahydro<is-quinoxaline 
3 mL of EtOAc saturated with HC1 was added. The reaction turned clear 
momentarily and another solid was formed. After 30 min the solid was 
filtered washed with Et20 and dried to furnish 32 mg of the title 
30 compound. 



lH NMR (D20): 1.50 (br s, 3H), 1.66 (or s, 1H), 1.89 (br s, 4H), 3.92 
(m, 1H), 4.0 (m, 1H), 4.37 (s, 2H) 
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20 



EXAMPLE 133 

\ 

NH HCI 

2-Imino-decahvdro-frfl^-quinoxalmedihvdrochloride 



The title compound was prepared by the procedure of 
example 132 starting with trans- 1,2-diarninocyclohexane. 

lH NMR (D20): 1.3-1.6 (m,4H), 1.8-1.9 (m, 2H), 2.16 (t, 2H), 3.3 (td, 
1H, J = 1 1 and 4 Hz), 3.55 (td, 1H, J = 1 1 and 4 Hz), 4.41 (ABq, 2H) 



15 EXAMPLE 134 

CH3 

CH3 H HCI 



4-6-Dimethvl-2-imino-Diperazine hydrochloride 
Step A; 4.6-Dimethvl-2-keto-piperazine 



A solution of 0.8 mL (10.2 mmol) 2-methylaziridine (90%), 
0.998 g (1 1.21 mmol) of sarcosine and 30 mg of NH4CI in 4 mL of water 
25 was heated to 100 °C in a sealed tube for 2 h. The mixture was allowed 
to stand overnight, then concentrated in vacuo. The residue was purified 
by chromatography using 30% MeOH-EtOAc to yield 0.637 g (49%) of 
the desired product. 
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lH NMR (CDC13): 1.13 (d, 3H), 2.03 (m, 1H), 2.28 (s, 3H), 2.77 (m, 
2H), 3.23 (d, 1H), 3.62 (br s, 1H), 6.8 (br s, 1H). 

Step B; 4.fVDimethvl-ninerazin-2-thinn e 

5 

To a solution of 1.01 1 g (5.09 mmol) of 4,6-dimethyl-2- 
keto-piperazine in 25 mL of dioxane, 4.704 g (56 mmol) of NaHC03 and 
1.56 g (3.56 mmol) of phosphorus pentasulfide were added and the 
mixture was heated in a 70 °C bath. After 6 h the reaction was cooled, 
10 quenched by adding water (gas evolution) and stirred overnight. The 
solution was extracted with EtOAc. The EtOAc layer was washed with 
brine, dried and concentrated. The residue was chromatographed using a 
gradient of 0-10% MeOH/EtOAc to isolate 91 mg of the desired product. 

15 Step C? ^o-Pimethvl^-imino-nipera^n^ hvHmrh] ?r jf 1f 

Ammonia gas passed through a THF (5 mL) solution of 72 
mg (0.499 mmol) of 4,6-dimemyl-piperazin-2-thione kept in a 50 °C bath 
for 5 min. To this solution 149 mg (0.55 mmol) of HgCfc was added and 

20 the reaction was heated to 50 <>C for 15 min after it turned black. The 
solution was filtered through a pad of celite and the pad was rinsed with 
MeOH. The combined filtrate was concentrated and the residue was 
purified on a flash column using MeCN followed by 70:2:1 mixture of 

^ MeCN:H20:HOAC to isolate 30 mg of the tide compound. 

lH NMR (CD30D): 1.25 (d, 3H), 1.9 (s, 3H), 2.27 (dd, 1H), 2.9 (dd, 
1H), 3.22 (d, 1H), 3.45 (d, 1H), 3.72 (m, 1H). 

Mass spectrum m/e = 127 



EXAMPLE ns 
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V NH HCI 



2-Imino-4-methvl-6-(2-methvlpropvn-5-oxo-piperazine hydrochloride 

5 Step A: N-t-Butvloxvcarbonvlglvcinvlsarcosine ethvl ester 

To a solution of 0.629 g (3.59 mmol) of t- 
butoxycarbonyoxyglycine in 8 mL of CH2CI2 0.58 g (4.31 mmol) of 
hydroxybenztriazole,0.87 mL (7.9 mmol) of N-methylmorpholine and 

10 0.826 g (4.31 mmol) of EDAC were added. After 10 min 0.607 g (3.95 
mmol) of sarcosine ethyl ester hydrochloride was added and the mixture 
was stirred overnight. The reaction was poured into water and extracted 
with CH2CI2. The organic layer was washed with brine, dried and the 
filtrate was concentrated. The residue was purified on a flash column 

15 eluting with 50% EtOAc-hexane to obtain 0.985 (96%) of N-t- 
butyloxycarbonylglycinylsarcosine ethyl ester. 

SteoB: 1-Methv1-2.5.diketopiperazine 

20 A solution of 0.942 g (3.43 mmol) of N-t- 

butyloxycarbonylglycinylsarcosine ethyl ester in 10 mL of EtOAc was 
saturated with HCI gas. After stirring for 1 h the solution was 
concentrated in vacuo to leave a white solid. The solid was dissolved in 
10 mL of EtOH, 0.474 g (3.43 mmol) of powdered K2CO3 was added 

25 and the mixture was heated in a 60 °C bath overnight. The solid was 
filtered and rinsed with EtOH and the combined filtrate was concentrated 
to leave a solid. The solid was washed with ether and dried to furnish 
0.499 g of the title compound. 



30 



lH NMR (CDC13): 2.98 (s, 3H), 3.97 (s, 2H), 4.02 (s, 2H), 6.23 (br s, 
1H). 



WO 96/14844 



PCT/US95/14812 



-186- 

Treatment of l-methyl-2,5-diketopiperazine with 
trimethyloxonium tetrafluoroborate as described in example 132 step C 
5 gave the title compound. 

Step P; ^Merhoxy-^methvl^^-in^hvlp^pYiv^ ^hvHr^^ffl)- 
Dvrazmnnft 



10 



15 



20 



25 



30 



To a solution of 0.171 g (1.2 mmol) of 2-methoxy-4-methyl- 
3,4-dmydro-5(6H)-pyrazinone in 6 mL of THF cooled in a -78 <>C bath 
0.72 mL (2M in THF, 1.44 mmol) of LDA was added. After 10 min 0.17 
mL (1.56 mmol) of l-bromo-2-methylpropane was added and the 
solution was allowed to warm to room temperature over the next 2 h. 
After stirring for 0.5 h the reaction was quenched by adding water and the 
mixture was extracted with EtOAc. The EtOAc layer was washed with 
brine, dried and the filtrate was concentrated. The residue was purified 
on a flash column using a gradient of 30-50% EtOAc-hexane to isolate 
0. 1 g (42%) of the title compound. 

I"™* J™* 0SI (d, 3H), 0.94 (d, 3H), 1.4-1.9 (m, 3H), 2.93 (s, 
3H), 3.69 (s, 3H), 3.81 and 3.94 (ABq, 2H), 4.09 (m, 1H). 

Ste P E: 2-Imino^memvl-6-rWrh Y]pir rv iv5.nYn- ri rf ^ 7iTla 

A solution of 0.1 g of 2-methoxy-4-methyl-6-(2- 
me%lpropyl)-3,4-dtoy<lro-5(6H>pyra2inone in 1 mL of EtOH was 
reacted with NH4C1 as described in example 132 step D to furnish the 
title compound. 

JH NMR (CD30D): 0.96 (d, 6H), 1.6-1.9 (m, 3H), 3.0 (s, 3H), 4.1 1 (t, 
1H), 4.47 and 4.61 (AB q, 2H). 

Mass spectrum m/e = 1 84 (M+l) 
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EX AMPLE 136 



5 




4-BenzvlQXVcarhonvl-2-iminn-n.2^ ,4)tetrahvdro-quinny a 1in ft 
hydrochloride 

10 Step A; l.^TXhydo-inm-^i™™^ 

To a solution of 1.2 g (8.2 mmol) of 2-hydroxyquinoxaline 
in 10 mL of EtOH, 220 mg of Pt02 was added and the solution was 
hydrogenated on a Parr apparatus overnight. The catalyst was filtered 
15 and washed with EtOH and the filtrate was concentrated to yield 1 . 17 g 
(96%) of the title compound sufficiently pure for use without 
purification. 

lH NMR (CDC13): 3.97 (s, 2H). 6.6-6.9 (m, 4H), 8.1 (br s, 1H). 

20 

StCP B; 4-Ben7Vloxvrart>onv1-^ ^ihvH^fim-oninaifAlnn^ 

A solution of o.41 g (2.77 mmol) of 3,4-dihydo-2(lH)- 
quinaxolone in 5 mL of CH2C12 and 5 mL of saturated NaHC03 was 
25 treated with 0.44 mL (3.05 mmol) of benzylchloroformate. After stirring 
for 4 h, the reaction was diluted with CH2CI2, washed with water, brine 
and dried. The filtrate was concentrated and the residue was 
chromatographed using 30% EtOAc-hexane to isolate 0.31 g of the 
desired product. 
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lH NMR (CDC13): 4.44 and 4.58 (2s, 2H), 5.24 and 5.28 (2s, 2H), 6.8- 
7.4(m,9H). 

StepC: 4-Bcnzvloxvcaitonvl-2-imino-f1.2 ^4^t ra hvHr o-guinoxaline 
5 hydrochloride 

The 4-benzyloxycarbonyl-3,4-dihydro-2( lH)-quinaxolone 
obtained in step B was subjected to the reactions described in example 
134 steps B and C furnished the title compound. 

lH NMR (CD30D): 4.31 (s, 2H), 5.23 (s, 2H), 6.9-7.5 (m, 9H). 
Mass spectrum m/e = 282 (M+l) 

15 

Example 137 
O^CH 3 



OCX 



'Jjj NH HCI 

20 4-AcetYl-2-immo-a.23.4ftetnft^ 

Step A; 4-Acetv11-3 4-dihvdro-2nHi T iin a ^ nP 

A solution of 0.212 g (1.43 mmol) of 3,4-dihydo-2(lH)- 
25 quinaxolone (example 136, step A) in 7 mL of CH2CI2 was treated with 
0.12 mL (1.72 mmol) of acetyl chloride and 0.26 mL (1.86 mmol) of 
Et3N. After 2 h another 0.04 mL of acetyl chloride was added to 
complete the reaction and the solution was partitioned between water and 
CH2C12. The CH 2 C1 2 layer was washed with brine, dried and 
30 concentrated. The residue was purified by chromatography. 
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SteP B: 4-Acetvl-2-imino-ri.2J^tetrahvdro-quinoxaline 

Treatement of 4-acetyll-l,2,3,4-tetrahydro-2-quinaxolone by 
the method of example 134 steps B and C furnished the title compound. 

lH NMR (CD30D): 2.24 (s, 3H), 4.5 (s, 2H), 7.0-7.5 (m, 4H). 

Mass spectrum m/e =189 (M+l) 

EXAMPLE 138 
CHs 



'NH HCI 



15 2-Imino-4-methvl-decahvdro-rrfln^-ouinoxaline. acetic acid salt 
Step A; 4-memvl-octahvdro-trans-2flH^uinoxa1nne 

To 0.537 g of 4-t-butyloxycarbonyl-octahydro-trans-2( 1 H)- 
20 quinoxalone (Example 133), 10 mL of EtOAc saturated with HCI gas was 
added. After stirring for 2 h the solvent was removed in vacuo to give 
0.483 g of a brown solid. 

To a solution of 0.147 g (0.77 mmol) of this solid in 5 mL of 
25 MeOH and 1 mL of formaldehyde (37% aq. solution) was added 50 mg 
of 10 % Pd/C and the mixture was hydrogenated under 41 psi for 3 h. 
The catalyst was filtered through a pad of celite and the pad washed with 
MeOH and the filtrate was concentrated to yield 0.325 g of the tide 
compound. 



StCP B; 2-Iinino-4-memvl-6^ahvdro-trans-quinoxaline. acetic acid salt 
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The product of step A was reacted as described in example 
1 34 steps B and C to isolate the title compound 

1HNMR (CD30D): 1.2-2.2 (m, 9H), 1.92 (s, 3H), 2.31 (s, 3H), 3.18 (m, 
5 1H), 3.31 (d,lH), 3.70 (d, 1H). 

Mass spectrum m/e = 168 (M+l) 



15 



20 



25 



30 



CL 



10 EXAMPLKnO 

3-Iminnthin^iph^jrr hvdrochlnrj^ 
Step A: Thiom^rphfflin-^n? 



To 6.5 g (0. 15 mol) of ethyleneimine was added to 12 g (0. 1 
mol) of ethyl thiol acetate with stirring at 60 °C. After the addition, the 
mixture was heated for 2.5 h at the same temperature. It was then 
allowed to cool to room temperature and then allowed to stand 1 day at 
room temperature. Robust white crystals formed. The liquid was 
decanted and the solid was washed with ice cold ethyl alcohol to afford 
6.2 g of the desired thiomorpholinone. 

J H NMR (0X33): 2.8(m,2H); 3.28(s,2H); 3.62(m,2H); 6.62(b,lH) 
StCPB; Thiomorphnlin-l-thj^rif 

A mixture of 1.17 g (10 mmol) of thiomorpholin-3-one and 
1 1 mmoles of Lawesson's reagent in 25 mL of toluene was heated to 
reflux 2 hrs. The reaction mixture was cooled and the solvent was 
removed to give a residue. This was taken up in methylene chloride and 
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applied on silica gel column and eluted with ethyl acetate containing 
methylene chloride (10%). The desired thiomoipholin-3-thione in 65% 
yield as solid. 

5 lH NMR (CDQ3): 2.90(m,2H); 3.62(m,2H); 3.76(s,2H); 8.65(b,lH) 

Step C: 3-Imino thiomorpholine hydrochloride 

The title amidine was prepared from thiomorpholin-3-thione 
10 according to the procedure of example 43 step F. 

lH NMR (DMSO): 2.92(m,2H); 3.52(m,2H); 3.62(s,2H); 8.85(b,lH); 
9.28(b,lH);9.9(b,lH) 

15 

EXAMPLE 140 



^fj^NH HCI 



20 3-Tminn-S-propyl-thiomnTphnltnft 

Step A: 2-ButnyvcarbonvIamino-l-pentannl 

To a solution of 1.1 mL (9.8 mmol) of 2-amino-l-pentanol 
25 in 10 mL of MeCN was added 2. 18 g (10 mmol) of di-t-butyl dicarbonate 
followed by a solution of 1.06 g (10 mmol) of Na2C03 in 10 mL of 
water. After stirring for 4 h the reaction mixture was partitioned between 
Et20:EtOAc (1 : 1) and water. The organic layer was washed with water, 
brine and dried. The filtrate was concentrated to furnish 2.8 g of a liquid 
30 which was used in the next step without purification. 
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lH NMR (CDC13): 0.91 (t, 3H), 1.3-1.9 (m, 11H), 2.31 (t, 2H), 2.4 (br 
s, IH), 3.0 (s, 3H), 3.8 (br, 1H), 4.15 (dd, 1H, J=10 and 4 Hz), 4 22 (m 
1H), 4.57 (br, 1H). 

A solution of 0.7 g of 2-butoxycarbonylamino-l-pentanol 
prepared in step A in 5 mL of CH 2 C1 2 was treated with 0.23 mL (3 
mmol) of methanesulfonyl chloride. The mixture was cooled in ice bath 

10 and 0.42 mL (3 mmol) of Et 3 N was added and the solution was allowed 
to warm to room temperature. After 1 h another 0.05 mL (0.65 mmol) of 
methanesulfonyl chloride and 0.1 mL (0.71 mmol) of Et 3 N were added 
and stirred for 15 min. the reaction mixture was diluted with CH2CI2 and 
washed with saturated NaHC0 3 solution, water, 1.2 N HC1 and brine. 

15 The organic layer was dried and concentrated to yield 0.94 g of the 
mesylate as a white solid. 

jH NMR (CDC13): 0.91 (t,3H), 1.2-1.9 (m, 11H), 2.32 (t,2H), 3.51 (m, 
1H), 3.63 (m, 2H), 4.57 (br s, 1H). 

20 

To a solution of the mesylate in 5 mL of EtOH 0.3 mL (2.7 
mmol) of ethyl 2-mercaptoacetate and 0.42 g (3 mmol) of powdered 
K2CO3 were added. The mixture was heated in a 50 <>c bath for 2 h, then 
diluted with water and extraced with EtOAc. The EtOAc layer was 
25 washed with water, brine, dried and concentrated. The residue was 
chromatographed on a flash column using a gradient of 20-50% EtOAc- 
Hexane to isolate 0.48 g (63%) of the tide compound. 

IH NMR (CDCB): 0.90 (t, 3H), 1.2-2.3 (m, 16H), 2.72 (m, 2H), 3.23 
30 (ABq,2H), 3.75 (br.lH), 4.19 (q,2H),4.57(brs,lH). 



StepC; 5-Pronv1-thinm» T h^i n -^- 1Tnr 
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Ice cold EtOAc (5 mL) was saturated with HQ gas and this 
solution was added to 0.48 g (1.57 mmol) of ethyl ((2- 
butoxycarbonylaminopentyl)thio)acetate. After stirring for 1 h the 
solution was concentrated to give 0.42 g of amine hydrochloride as an oil. 
5 The oil was dissolved in 3 mL of EtOH and 0.207 g (1.5 mmol) of 
powdered K2CO3 was added. After heating the mixture in a 80 °C bath 
for 2.5 h the reaction was cooled and partitioned between water and 
EtOAc. The organic layer was washed with water, brine, dried and 
concentrated. The residue was purified by flash chromatography using 
10 30-100% EtOAc-hexane to yield 0.15 g (60%) of the title compound as a 
white solid. 

lH NMR (CDQ3): 0.94 (t, 3H), 1.36 (m, 2H), 1.57 (m, 2H), 2.53 (dd, 
1H, J=13 and 9 Hz), 2.78 (dd, 1H, J=13 and 4 Hz), 3.26 (ABq, 2H), 3.63 
15 (m, lH),5.8(brs,lH). 

Step D: 5-Pronvl-thinnnorphnlm-^-thmn^ 

A solution of 0.15 g (0.94 mmol) of 5-propyl-thiomorpholin- 
20 3-one in 3 mL of toluene was treated with 0.44 g (1 . 1 mmol) of 

Lawesson's reagent and the reaction was heated to reflux. After lh the 
solution was cooled to room temperature, diluted with 2 mL of hexane 
and allowed to stand overnight. The solid formed was removed by 
filtering through a 0.5 u filter and the filtrate was concentrated. The 
25 residue was chromatographed using 10-30% EtOAc/hexane to obtain 
0.131 g (80%) of the title compound. 

lH NMR (CDC13): 0.95 (t, 3H), 1.41 (m, 2H), 1.64 (m, 2H), 2.60 (dd, 
1H, J=13 and 9 Hz), 2.89 (dd, 1H, J=13 and 4 Hz), 3.57 (m, 1H), 3.74 
30 (ABq, 2H, J=17Hz), 8.3 (br s, 1H). 

SteoF: 3-Tmino.S-pmp vl-thiomnrphnlinft 
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A solution of 0. 13 1 g (0.75 mmol) of 5-propyl- 
thiomorpholin-3-thione in 3 mL of CH2CI2 was stirred with 4 A 
molecular sieves. After 10 min 0.125 g (0.85 mmol) of 
trimethyloxonium tetrafluoroborate was added, and the mixture was 
5 stirred for 2.5 h. The reaction was quenched by adding saturated 
NaHC0 3 solution then extraced with CH 2 a 2 . The organic layer was 
washed with brine, dried and concentrated to give 0. 1 15 g of a brown oil. 

lHNMR(CDQ3): 0.94(t,3H), 1.4- 1.8 (m,4H), 2.29 (s, 3H), 2.3 (m, 
10 1H), 2.73 (dd, 1H, J=13 and 4 Hz), 3.12 (ABq, 2H), 3.43 (m, 1H). 

The brown oil in 1 mL of EtOH was trated with 30 mg (0.56 
mmol) of NH4C1 and the mixture was heated to reflux. After 1 h the 
solution was concentrated and the residue was chromatographed on a 
15 flash column using a gradient of MeCN, MeCN/HOAc - 95:5, 

MeCN/H20/HOAc - 90:5:5 and finally MeCN/H20/HOAc - 85:10:5 to 
isolate 37 mg (23%) of the title compound as an acetic acid salt. 

1H NMR (CDQ3): 0.94 (t, 3H), 1.3 - 1.8 (m, 4H), 2.05 (s, 3H), 2.63 
20 (dd, 1H, J=13 and 9 Hz), 2.92 (dd, 1H, J=13 and 4 Hz), 3.65 (m, 3H), 8.2 
(br s, 1H). 

Mass spectrum m/e = 159 (M+l) 

25 The compounds of Examples 141-145 were prepared by the method of 
example 101 starting from the appropriate aminoalcohol. 



30 



EXAMPIJR 14J 

x s x 

CHa^fj^NH HCI 



3-Imino-5-mfttJiv1-thinmn T ^^j n? 
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lH NMR (CD30D): 1.38 (d, 3H), 2.71 (dd, 1H, J=13 and 9 Hz), 3.07 
(dd, 1H, J=13 and 4 Hz), 3.60 (ABq, 2H, J=16 Hz), 3.82 (m, 1H). 



EXAMPLE 142 

Q2H5 |J NH HCI 

10 3-lmmo-S-ethvI-thiomorphnline 

lH NMR (CD30D): 1.03 (t, 3H), 1.75 (m, 2H), 2.75 (dd, 1H, J=13 and 
9 Hz), 3.1 (dd, 1H, J=13 and 4 Hz), 3.6 (m, 3H). 

15 

EXAMPLE 14? 



s 




fj^NH HCI 



20 3-Imino-5-butvl-thiomorphn1inP 



lH NMR (CDCI3): 0.95 (t, 3H), 1.3 - 1.8 (m, 6H), 2.75 (dd, 1H, J=13 
and 9 Hz), 3.1 (dd, 1H, J=13 and 4 Hz), 3.60 (m, 3H). 

25 Mass spectrum m/e = 173 (M+l) 



EXAMPLE 144 



WO 96/14844 



PCI7US9S/14812 



-196 



^•^Jj^NH HCI 

3-Imino-5fSVr7-m f ^ Y | D roD vn.thin m n T h^i nP 

5 1H NMR (CDQ3): 0.97 (d, 6H), 1.6 (m, 2H), 1.77 (m, 1H), 2.72 (dd 
1H, J=13 and 9 Hz), 3.1 (dd, 1H, J=13 and 4 Hz), 3.52 (d, 1H, J=16 Hz), 
3.68 (d, 1H, J=16 Hz), 3.75 (m, 1H). 



10 



Mass spectrum ra/e = 173 (M+l) 



15 



EXAMPT.R US 



>line 



lH NMR (CDC13): 0.97 (d, 6H), 1.6 (m, 2H), 1.77 (m, 1H), 2.72 (dd, 
1H, J=13 and 9 Hz), 3.1 (dd, 1H, J=13 and 4 Hz), 3.52 (d, 1H, J=16 Hz), 
20 3.68 (d,lH, 1=46 Hz), 3.75 (m,lH). 

Mass spectrum m/e = 173 (M+l) 



25 EXAMPLE 146 



£| NH HCI 
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l-(terf-ButoxvcarbonvlVhexahvdro-3-imino-(l/n -1.4-dia2epine 

haimchlfiride. 

5 Step A: 4-(rgrf-ButoxvcaAonv1Vhexahvdro-r2fn-1.4w«azepin.2-one. 

Hexahydro-(2fl)-l,4-diazepin-2-one (300 mg, 2.63 mmol), 
obtained by the procedure of B. Kotelko, R. Glinka, R. Guryn, and J. 
Strunu&o (Acta Pol. Phdrm., 1284,41,651-7; £AlQ4:50859y), was 

10 dissolved in chloroform (5.3 mL). Di-rm-butyl dicarbonate (0.63 g, 2.9 
mmol) was added along with additional chloroform (3 x 0.15 mL) to aid 
in the transfer. The solution was stirred for 0.5 h at room temperature 
followed by 3 h at reflux. The solution was then diluted with ethyl 
acetate (20 mL) and washed with saturated aqueous sodium bicarbonate 

15 (5mL). The aqueous layer was extracted with ethyl acetate (10 mL) The 
combined organic layers were dried (sodium sulfate), decanted, and 
evaporated to give 549 mg (97%) of 4-(terr-butoxycarbonyl)-hexahydro- 
(2#)-l,4-diazepin-2-one as white crystals. 

20 1H NMR (400 MHz, CD 3 OD): 5 4.08-4.02 (m, 2H), 3.58 (bt, 2H, J = 5 
Hz), 3.29-3.26 (m, 2H), 1.81 (broad quintet, 2H,J= 5 Hz), 1.45 (s, 9H). 

Mass spectrum (FAB) m/e = 215 (M+l). 

25 SteRBj l-frgyt-ButOXVCarbonvn^^S.fi^-tetrahvdm-^-mftthoTv-n^- 

1.4-diazepine. 

By analogy to the procedure of Example 2, 4-(tert- 
butoxycarbonyl)-hexahydro-(2^1,4-diazepin-2-one gave U(tert- 
30 butoxycarbonyl)-2,5,6,7-tetrahydro-3-memoxy-(l^-l,4-diazepm as a 
colorless oil in 94% yield. 



1H NMR (400 MHz, CD3OD): 6 4.16-4.10 (m, 2H), 3.59 (bs, 3H), 3.56 
(bt, 2H, J = 6 Hz), 3.53-3.48 (m, 2H), 1.87-1.77 (m, 2H), 1 .44 (s, 9H). 
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Mass spectrum (FAB) m/e = 229 (M+l). 

StS C-^ l-frm-Bntoxvrarhnnvn-h^^Ydm-^-imip^f]^^ 

5 diazeninehvrfrr^hMr 

By analogy to the procedure of Example 3, Htert- 
b«toxycarbonyl)-2,5,6,7-te^^ 
H*err-butoxycaifconyl>hexahydio^ 
0 hydrochloride in quantitative yield as white crystals. 

1H NMR (400 MHz, CD 3 OD): 5 4.36 (bs, 2H), 3.69-3.62 (m, 2H), 3 60- 
3.55 (m, 2H), 1.84-1.76 (m, 2H), 1.47 (s, 9H). 



HgxahYdro-?-imino-(lr7)-l 4-dnzenine 

By analogy to the procedure of Example 130 (Step D) 1- 
<*"-butoxycarbonyl)-he^ ' 
hydrochloride salt gave hexahydro-2-imino-(l«).l,4-diazepine 
dihydrochloride as a fine white solid in quantitative yield. 

lH NMR (400 MHz, CD3OD): o 4.38 (s, 2H), 3.72-3.68 (m, 2H) 3 52 
(t, 2H, J = 5.5 Hz), 2.08 (quintet, 2H, J = 5.5 Hz). 

Mass spectrum (FAB) m/e = 114 (M-2HQ+1). 



15 



EXAMPT.F. 1A1 




H 



£| NH 2HCI 
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EXAMPLE 148 



5 Hex.aJwdip-2-iminp-g-meth.yH 1 fft- 1 ,4-diazepins ^hydrochloride, 
Step A; A^(2-Cyano-l-mgthylgthyl)glycing ethyl ester- 

Aqueous sodium hydroxide (2.5 #,13 mL, 32.5 mmol) was 
10 added to a mixture of 4.54 g (32.5 mmol) of glycine ethyl ester 

hydrochloride in 6 mL of ethanol. The solution was cooled in an ice bath 
and 2.4 g (35.6 mmol) of crotonitrile was added in portions over 5 min. 
After 20 min, the ice bath was removed and the reaction was stirred 1.5 h 
at 25 OC followed by 3.5 h at 70 °C. The reaction was cooled to room 
15 temperature, 5 g of sodium chloride was added, and the mixture was 
extracted with 2 x 35 mL of ethyl acetate. The organic extracts were 
dried over sodium sulfate, decanted, and evaporated. The residue was 
dissolved in methanol, filtered through a 0.45 micron membrane, and 
evaporated to give 1 .30 g (24% yield) of AT-(2-cyano- 1- 
20 methylethyl)glycine ethyl ester as a yellow oil. 

lH NMR (400 MHz, CDC33): 8 4.20 (q, 2 H, H=7 Hz), 3.47 (d, 1H, J = 
16 Hz), 3.41 (d, 1H, J = 16 Hz), 3.05 (sextet, 1H, J = 7 Hz), 2.49-2.38 (m, 
2H), 1.29 (t, 3H, J = 7 Hz), 1.27 (d, 3H, J = 7 Hz). 

StCpE; Hexahvdro-5-methvU2fn.1 .4-diazepin-2-one. 

Ar-(2-cyano-l-methylethyl)glycine ethyl ester (1.30 g, 7.64 
mmol) was dissolved in 4.5 mL of methanol. Raney nickel (70 mg) was 
added and the reaction vessel was pressurized with 1000 psi of hydrogen 
and heated to 50 °C for 6 h and to 100 °C for 4 h. The supernatant was 
decanted and filtered through a 0.45 micron membrane and the catalyst 



WO 96/14844 



PCT/US95/14812 



-200 



was washed with 3 x 3 mL of methanol. The combined filtrate was 
evaporated and the residue was chromatographed on 60 g of silica gel 
eluting with 5-7% methanol in dichloromethane to give 0.33 g of 
colorless oil. Chromatography on 15 g of silica gel eluting with 20% 
5 methanol in ethyl acetate gave 217 mg (22% yield) of pure hexahydro-5- 
metoyl-(2tf)-l,4-diazepin-2-one. 

*H NMR (400 MHz, CD3OD): 5 3.52 (d, 1H, J = 15 Hz), 3.37 (d, 1H, J 
= 15 Hz), 3.35 (1H, partially obscured by solvent), 3.23 (ddd, 1H J = 15 
10 6, 2 Hz), 2.89 (dqd, 1H, J = 10, 6, 3 Hz), 1.82 (dddd, J = 14, 6, 3, 1 Hz) ' 
1.39(m,lH),1.12(d,3H,J = 6Hz). 

Mass spectrum (FAB) m/e = 129 (M+l). 

15 SfepC: 4-fr m .putoxvca r honvlVhPx a hvdm-S-n,^, ] . f o R _ M 
diazepin-2-n n e, 

Hexahydro-5-methyI-(2«)-l,4-diazepin-2-one (200 mg, 1.56 
mmol) was dissolved in 3,0 mL of chloroform and di-rm-butyl 
20 dicarbonate (0.37 g, 1.69 mmol) was added with 0.4 mL of chlorform. 
The solution was stirred at room temperature for 0.5 h and then at reflux 
for 4.5 nr. The solution was diluted with 20 mL of ethyl acetate and 
washed with 5 mL of saturated aqueous sodium bicarbonate and 5 mL of 
saturated aqueous sodium chloride. The aqueous layers were extracted in 
succession with 10 mL of ethyl acetate. The combined organic layers 
were dried (sodium sulfate), decanted, and evaporated to give 360 mg 

(100% yield) of 4-(/err-butoxycarbonyl>hexahydro-5-memyl-(2«)-l,4. 
diazepin-2-one as almost colorless crystals. 

1H NMR (400 MHz, CD3OD): 5 4.39-4.02 (m, 2H), 3.80 (bd, 1H, J = 17 
Hz), 3.19 (dd, 1H, J = 14, 7 Hz), 3.13-3.02 (m, 1H), 2.13 (dt, 1H, J = 15 
6 Hz), 1.80 (dtd, 1H, J = 15, 10, 2 Hz), 1.46 (s, 9H), 1.16 (d, 3H, J = 6.5 
Hz). 



25 



30 
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Mass spectrum (ESI) m/e = 229 (M+l). 

Step P; l-fterr-Butoxvcarbonvn-2.5.6.7-tetrahvdro-3-methoxv-7- 

methvWlJft.l.4-diazepine. 

5 

By analogy to the procedure of Example 2, 4-(tert- 
butoxycarbonyl)-hexahydro-5-methyl-(2fl)-l,4-diazepin-2-one gave 1- 
(terr-butoxycarbonyl)-2^,6J-tetrahydro-3-methoxy-7-methyl-(l//)-1.4- 
diazepine as an almost colorless oil in 86% yield. 

10 

1H NMR (400 MHz, CD3OD): 8 4.55-4.10 (m, 2H), 3.75-3.55 (m, 2H), 
3.60 (s, 3H), 3.40 (dd, 1H, J = 16, 11 Hz), 2.02-1.90 (m, 1H), 1.65 (dt, 
ia J = 15, 1 1 Hz), 1.45 (s, 9H), 1.12 (d, 3H, J = 6.5 Hz). 

15 SSSOE: 4-am-ButoxvcarbonvlVhexahvdro-2-imino-5-rnethv1-riffl- 

1.4-diazepine hydrochloride. 

By analogy to the procedure of Example 3, l-(r«/t- 
butoxycarbonyl)-2,5,6,7-teti^ya^3-methoxy-7-methyl-(l/0-l,4- 
20 diazepine gave 4-(ferf-butoxycarbonyl)-hexahydix>-2-imino-5-methyl- 
(lfl)-l»4-diazepine hydrochloride in quantitative yield. 

1H NMR (400 MHz, CD3OD): 8 4.60-4.20 (m, 3H), 4.53 (dd, 1H, J = 
14, 7 Hz), 3.34-3.23 (partially obscured by solvent, 1H), 2.19-2.07 (m, 
25 1H), 1.93 (dt, 1H, J = 15, 10 Hz), 1.19 (d, 3H, J = 7 Hz). 

Mass spectrum (ESI) m/e = 228 (M-HC1+1). 

SlSfiE Hexahvdro-2-imino-5-methv1-r 1/A-l .4-diazepine 

30 dihvdrochloride. 



By analogy to the procedure of Example 130 (Step D), 4- 
(fm-butoxycarbonyl)-hexahyd^2-im^ 
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hydrochloride gave hexahydro-2-imino-5-methyl-(l/0-l,4-diazepine 
dihydrochloride as a hygroscopic brittle foam in quantitative yield. 

1H NMR (400 MHz, CD 3 OD): 8 4.52 (d, 1H, J = 15 Hz), 4.18 (d, 1H J 
5 = 15 Hz), 3.76-3.62 (m, 3H), 2.17 (dm, 1H, J = 15 Hz), 1.89-1.77 (m 
lH),1.43(d,3H,J = 6Hz). 

Mass spectrum (FAB) m/e = 128 (M-2HC1+1). 

10 

EXAMPLE 1 4 Q 
CH 3 



[j^NH 2HCI 

15 He?cahvdro-?-imino4-methv1-ri m-i.4wW P ;n,, h yffrfr M r ri Tf- 

By analogy to the procedure of Example 140 step F 
2,5,6,7-tetrahydi^3-me^^ (prepared 
by the route of R. Guryn, Polish J. Chem., 62, 265-271- £A 

20 I12:178916x) gave hexahydro-2-immo^memyl-(l^l,4-diazepine 
hydrochloride. The crude product obtained from 124 mg (0.784 mmol) 
of the starting iminothioether was dissolved in 0.55 mL of chloroform at 
45 oc and 0.25 mL of ethyl acetate was added. After cooling to room 
temperature, the resulting pale tan crystals were separated and dried 

25 under vacuum to give 108 mg (84% yield) of product. 

*H NMR (400 MHz, CD3OD): 8 3.68 (s, 3H), 3.54-3.50 (m, 2H), 2.97 (t, 
2H, J = 5.5 Hz), 1.80 (quintet, 2H, J = 5 Hz). 

30 Mass spectrum (FAB) m/e = 128 (M-HC1+1). 
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EXAMPLE 150 

H ^ 2HCI 

5 3- Amino-hexahvdro-2-imino-f 1 /ft-azepine dihvdrochloride. 

Step A: ^ffgrf-ButoxvcaifeonvlaminoVepsilon-caprolactam. 

3-Amino-epsilon-caprolactam (2.00 g, 15.6 mmol) was 
10 dissolved in 25 mL of chloroform and di-te/*-butyl dicarbonate (3.70 g, 
16.9 mmol) was added with 5 mL of chloroform. The solution was 
stirred at room temperature for 2 hr. The reaction was diluted with 10 
mL of chloroform and washed with 2 x 10 mL of 2 N aqueous 
hydrochloric acid, 10 mL of saturated aqueous sodium bicarbonate, and 
15 10 mL of saturated aqueous sodium chloride. The combined organic 
layers were dried (sodium sulfate), decanted, and evaporated to give an 
almost colorless crystalline solid. This material was dissolved in 15 mL 
of hexane and 20 mL of ethyl acetate at 75 °C, cooled to room 
temperature, and filtered to give 2.02 g (57% yield) of 3-(tert- 
20 butoxycarbonylamino)-epsilon-caprolactam as white crystals. 

lH NMR (400 MHz, CD3OD): 6 4.26 (d, 1H, J = 10 Hz), 3.29-3.16 (m, 
2H), 2.03-1.70 (m, 4H), 1.60-1.27 (m, 2H), 1 .44 (s, 9H). 

25 Mass spectrum (FAB) m/e = 229 (M+l). 

mgfopxy-f3/7)-azepine, 

30 By analogy to the procedure of Example 2, 3-(terf- 

butoxycarbonylamino)-epsilon-caprolactam gave 3-(terr- 
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10 



15 



20 



25 



butoxycarbonylam^^ M g 

colorless oil in 95% yield. 

lH NMR (400 MHz, CDC1 3 ): 5 5.38 (bd, 1H, J = 6 Hz), 4,58 (bdd, 1H J 
= 10, 8 Hz), 3.68-3.62 (m, 1H), 3.29 (t, 1H, J = 12 Hz), 1.99-1.70 (m 
4H), 1.46 (s, 9H), 1.46-1.22 (m, 2H). 

Sj£ »^ ^-(rm-BtitOTfYrflrbonvlaminoVhexahvHrA-^^n^i^ . 

azemne hydrochloride 

3-(/err-ButoxycarbonylaminoH,5,6,7-tetrahydro-2- 
methoxy-(3#)-azepine (503 mg, 2.08 mmol) was dissolved in 6.0 mL of 
ethanol and 1 1 1 mg (2.08 mmol) of ammonium chloride was added The 
mixture was heated to reflux for 3 h, cooled to room temperature, and 
evaporated. The residue was dissolved in 4 mL of chloroform, filtered 
through a 0.45 micron membrane, and evaporated under a stream of 
nitrogen to a weight of 1.18 g. Dioxane (4.0 mL) was added and the 
nuxmre was stirred briefly until it became homogeneous. After crystals 
had formed, the mixture was cooled to 0 ©C and filtered to give 3-(tert- 
^oxyc^ny]Bnmohhtx^yito-2-inmo-am-aztpint hydrochloride 
as white crystals (623 mg, 85% yield) which retained 1 equivalent of 
dioxane. 

lH NMR (400 MHz, CD3OD): 6 4.57 (d, 1H, J = 10 Hz), 3.57-3.46 (m 
2H), 2.06-1.94 (m, 2H), 1.89-1.66 (m, 3H), 1.51-1.42 (m, 1H), 1.46 (s, ' 
9H). 



Mass spectrum (FAB) m/e ■ 228 (M+l). 
30 filaLDj 3-Amino-h^flhYflro-2-imino-n m-ar^ine dihvHr^p^ 

By analogy to the procedure of Example 130 (Step D), 3- 
(rert-butoxycarbonylammo>hexahydro-2-immc)-(li^.azepine, 
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hydrochloride salt gave 3-amino-hexahydro-2-imino-(lH)-azepine 
dihydrochloride as fine white crystals in quantitative yield. 

lH NMR (400 MHz, CD3OD): 8 4.71 (dd, 1H, J - 10, 1.5 Hz), 3.61- 
5 3.50 (m, 2H), 2.15-1.82 (m, 5H), 1.60-1.47 (m, 1H). 

Mass spectrum (FAB) m/e = 128 (M-2HC1+1). 
10 EXAMPLE 151 

H ^ 2HCI 
(5V3-Amino-2-iminopjperidine dihydrochloride. 

15 

SteP A; (5V3-(?grr-ButoxvcarbonvlaminoV2- P iperidone. 

1-Hydroxybenzotriazole (960 mg, 7.10 mmol) and l-(3- 
dime%larmnopropyl)-3-emylcaAodiimide hydrochloride (1.36 g, 7.09 

20 mmol) were added to a stirred suspension of 1 .50 g (6.46 mmol) of N- 
alpha-(f£rt-butoxycarbonyl)-L-ormthine in 15 mL of N,N- 
dimethylformamide. After stirring overnight at room temperature, most 
of the solvent was removed on a rotary evaporator and the residue was 
diluted with 50 mL of ethyl acetate. The mixture was washed with 15 

25 mL each of 2 N aqueous hydrochloric acid, saturated aqueous sodium 
bicarbonate, and saturated aqueous sodium chloride. The organic layer 
was dried (sodium sulfate), decanted, and evaporated to give 706 mg 
(55% yield) of (^-3-(fm-butoxycarbonylamino)-2-piperidone as a 
colorless viscous syrup. 

30 

lH NMR (400 MHz, CD3OD): 8 4.02-3.92 (m, 1H), 3.30-3.22 (m, 2H), 
2.15-2.05 (m, 1H), 1.97-1.70 (m, 3H), 1.45 (s, 9H). 
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(^-3-(fg^-Butoxvcarbonv1 a minoV^4S^- Tftmi hYffr^? 

methoxvpvririj nffi 

By analogy to the procedure of Example 2, (S)-3-(fc?rr- 
5 butoxycarbonylamino)-2-piperidone gave (S)-3-(tert- 

butoxycarbonylamino)-3 A5,6-tetrahydro-2-memoxypyridine as white 
crystals in (83% yield). 

lHNMR(400MHz,CDCl3): 6 4.85-4.75 (bs, 1H), 4.19-4.09 (bs, 1H) 
10 3.63 (s, 3H), 3.49 (t, 2H, J = 6 Hz), 2.12-2.02 (m, 1H), 1.86-1.61 (m, 3H), 
1.46 (s,9H). 

Mass spectrum (FAB) m/e = 229 (M+l). 

15 

ffl-3-(rm-BiitoyvcarbonvlaminoV2-iminnpip pri ^ r r 

hydrochlori de, 

By analogy to the procedure of Example 3, (S)-3-(*m- 

20 butoxycarbonylamino)-3,4 A6-teti^ydro-2-memoxypyridine gave (S)-3- 

(rm-butoxycarbonylammo>2-immopiperidine hydrochloride as white 
crystals in quantitative yield. 

*H NMR (400 MHz, CD 3 OD): 5 4.4CW.33 (m, 1H), 3.45-3.30 (m, 2H) 
25 2.10-1.84 (m,4H), 1.47 (s,9H). 

Mass spectrum (FAB) m/e = 214 (M-HC1+1). 



30 



(^3-Amino-?-i m ino n ir^Hin Hi h Y ^hlrrit < r 

By analogy to the procedure of Example 130 (Step D), (5>3- 
(fm-butoxycarbonylammo)-2-immopiperidine hydrochloride gave (5)-3- 
aimno-2-iiiimopiperidine dihydrochloride as a white crystalline solid in 
quantitative yield. 
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lH NMR (400 MHz, CD3OD): 8 4.48 (t, 1H, J = 6 Hz), 3.47 (t, 2H, J = 
6 Hz), 2.37-2.24 (m, 1H), 2.08-1.90 (m, 3H). 

5 Mass spectrum (FAB) m/e = 1 14 (M-2HC1+1). 



EXAMPLE 152 

Q 

10 H NH HC1 

Hexahvdro-3-imino- 1 .4-oxazepine hydrochloride. 
SISILAj 2.5.6.7-Tetrahvdro-3-methoxv-1.4-oxa7 e pin e . 

15 

Using the method described Example 2, 4,5,6,7-tetrahydro- 
(2#)-l,4-oxazepin-3-one (prepared by the method of S. Suzuki, U.S. 
patent 4126614, 1978: £A2Q: 138397) was converted into 2,5,6,7- 
tetrahydro-3-methoxy- 1 ,4-oxazepine. 

20 

1H NMR (400 MHz, CDCI3): 8 4.18 (s, 2H), 3.87 (t, 2H, J = 6 Hz), 3.64- 
3.60 (m, 2H), 3.58 (s, 3H), 1.93-1.86 (m, 2H). 

Hexahvdro-3-imino-1.4-oxazepine hydrochloride 

25 

Using the method described in Example 3, 2,5,6,7- 
tetrahydro-3-raethoxy- 1 ,4-oxazepine was converted into hexahydro-3- 
imino- 1 ,4-oxazepine hydrochloride. 



30 1H NMR (400 MHz, CD3OD): 8 4.47 (s, 2H), 3.96 (t, 2H, J = 5 Hz). 
3.64-3.60 (m, 2H), 1.90 (quintet, 2H, J = 5 Hz). 



WO 96/14844 



PCT/US9S/14812 



-208- 

Mass spectrum (FAB): m/e= 115 (M-HC1+1). 



EXAMPLE 1 53 

5 



|J NH HCI 

Hexahvdro-3-iminn-l 4-thi« Z enine hvdmchlnri^ 

10 StStLk 4.5.6.7-TetrahvdrQ-r2fA-1.4-thi a r e Din-3-thinn e 

Phosphorus pentasulfide (1.18 g, 2.66 mmol as P4S10) and 
sodium bicarbonate (3.56 g, 42.5 mmol) were added to a stirred solution 
of 500 mg (3.81 mmol)4 t 5,6J-tetrahydro-(2//)-l,4-thiazepin-3-one 

15 (prepared by the method of M.F. Shostakovskii, et al. Zh. Obshch. Khim. , 
31, 1453; £A 55:22177g) in 15 mL of dry dioxane and the mixture 
was stirred at 75 <>C for 4 h. The solvent was removed in vacuo, water 
(15 mL) was cautiously added, and the mixture was heated to 50 <>C for 1 
h. The reaction was cooled to room temperature and sodium chloride 

20 (6.1 g) was added followed by 40 mL of dichloromethane. To facilitate 
separation of the layers, 30 mL of saturated aqueous sodium chloride and 
100 mL of ethyl acetate were also added. The aqueous layer was 
extracted with 3 x 40 mL of ethyl acetate. The combined organic layers 
were dried (sodium sulfate), decanted, and evaporated. The crude 

25 product was chromatographed on 30 g silica gel, eluting with 1 .25 L of 
20% ethyl acetate/hexane and 200 mL of 5% of ethyl 
acetate/dichloromethane to give 380 mg (68% yield) of 4,5,6,7- 
tetrahydro-(2fl)-l,4-thiazepin-3-thione as a white solid. 

30 1H NMR (400 MHz, CDCI3): 8 8.55 (bs, 1H), 3.74 (s, 2H), 3.51-2.44 
(m, 2H), 2.92-2.87 (m, 2H), 1.97 (quintet, 2H, J = 5 Hz). 
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Mass spectrum (FAB): m/e = 148 (M+l). 

Si££_Bj 2.5.6.7-Tetrahvdro-3-ethoxv-1.4-thia7.epin e 

5 Employing the method of E. Mohacsi and KM. Gordon 

(Synth. Common., 1984. 14, 1 159), ethyl chloroformate (0.1 12 mL, 1.17 
mmol) was added to a mixture of 4,5,6,7-tetrahydro-(2//)- 1 ,4-thiazepin- 
3-tbione (150 mg, 1 .02 mmol) and 0.30 mL of dry dioxane. The mixture 
was stirred and occasionally swirled for 1.5 h at room temperature. The 

10 mixture was diluted with 15 mL of ethyl acetate and washed with 15 mL 
of saturated aqueous sodium carbonate, 10 mL of saturated aqueous 
sodium carbonate, and 10 mL of saturated aqueous sodium chloride. The 
aqueous layers were extracted in succession with 15 mL ethyl acetate: 
The combined organic layers were dried (sodium sulfate), decanted, and 

15 carefully evaporated to give 158 mg of crude 2,5,6,7-tetrahydro-3- 
ethoxy-l,4-thiazepine as a slightly volatile yellow oil. 

1H NMR (400 MHz, CDC1 3 ): 8 4.02 (q, 2H, J = 7 Hz), 3.54-3.50 (m, 
2H), 3.28 (s, 2H), 2.88 (t, 2H, J = 5 Hz), 1.94-1.87 (m, 2H), 1.26 (t, 3H J 
20 =7 Hz). 

2S£Sl£i Hexahvdixv3-iimno-1.4-thiazenine hydrochloride 

Using the method described in Example 3, 2,5,6,7- 
25 hexahydro-3-ethoxy-l,4-thiazepine (150 mg, 0.94 mmol) was converted 
into the amidine hydrochloride. In this case, the crude product (138 mg) 
was recrystallized from methanol/ethyl acetate at 60 °C with cooling to 0 
°C to give 56 mg (29% yield) of hexahydro-3-imino-l,4-thiazepine 
hydrochloride containing 25% ammonium chloride. 

30 

*H NMR (400 MHz, CD3OD): 5 3.62 (s, 2H), 3.60-3.58 (m, 2H), 3.01 - 
2.97 (m, 2H), 1.95 (quintet, 2H, J = 5 Hz). 

Mass spectrum (FAB): m/e = 131 (M-Hd+1). 



WO 96/14844 



PCT/US95/14812 



210- 



10 



30 



^M^k 



EXAMPLF. 1 S4 

*H NH 2HCI 

HC^Ydrft-3-iminQ-5-Pronv1-ri^n-1 .4-di a 7/» p ine dihvHrnrh^ rjdf 

SlsaA; /y-rr-Butoxvcarhonvn-AA-n^n^exvnyiv^n^ ^ hy} fi ffr 



l-Hexen-3-one (5.04 g, 51.3 mmol) was added to a solution 
of glycine ethyl ester (5.3 g, 51.3 mmol) in 50 mL of chloroform. After 3 
h at room temperature, chloroform (15 mL) was added followed by 
portionwise addition of di-rm-butyl dicarbonate (12.2 g, 56 mmol). The 

15 solution was stirred overnight at room temperature and then washed with 
50 mL of saturated aqueous sodium bicarbonate and 50 mL of saturated 
aqueous sodium chloride. The combined aqueous layers were extracted 
with 2 x 50 mL of ethyl acetate. The combined organic layers were dried 
(sodium sulfate), decanted, and evaporated. Flash column 

20 chromatography on 450 g of silica gel eluting with 10% ethyl 

acetate/hexane gave 13.7 g (89% yield) of AKfm-butoxycarbonyl)-AH3- 
oxohexyl)glycine ethyl ester as a yellow oil. 

*H NMR (400 MHz, CDCI3) showed two distinct rotamers in a 3:2 ratio. 
25 Rotamer A (major): 8 4. 1 3 (q, 2H, J = 7 Hz), 3.92 (s, 2H), 3.49 (t, 2H J 
= 6 H*). 2 7 5 (t, 2H, J ss 6 Hz), 2.37 (t, 2H, J = 7 Hz), 1.62-1.50 (m, 2H), 
1.38 (s, 9H), 1.25 (t, 3H, J = 7 Hz), 0.87 (t, 3H, J = 6 Hz). Rotamer B 
(minor): 8 4. 19 (q, 2H, J = 7 Hz), 3.97 (s, 2H), 3.46 (t, 2H, J = 6 Hz), 
2.70 (t, 2H, J = 6 Hz), 2.37 (t, 2H, J = 7 Hz), 1.62-1.50 (m, 2H), 1.45 (s, 
9H), 1.23 (t, 3H, J = 7 Hz), 0.89 (t, 3H, J = 6 Hz). 



Mass spectrum (FAB): m/e = 202 (M-99). 
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Step Br 

ethyl ester, 



10 



15 



20 oil. 



Benzylamine (5.7 g, 53.2 mmol) was added to stirred 
solution of ^-(fgrf-butoxycaibonyl)-^-(3-oxohexyl)glycine ethyl ester 
(8.07 g, 26.6 mmol) in 30 mL of pyridine and 30 mL of glacial acetic 
acid at 0 oc. A THF solution of sodium cyanoborohydride (1.0 M, 17.3 
mL, 17.3 mmol) was added via syringe at 2.0 mL/h. After completion of 
the addition, the reaction was continued at 0 <>C to room temperature 
overnight The reaction was poured into a mixture prepared from 20 mL 
of concentrated hydrochloric acid and 230 g of ice, and extracted with 4 x 
200 mL of ethyl acetate. The ethyl acetate layers were washed in 
succession with 500 mL of saturated aqueous sodium carbonate and 500 
mL of saturated aqueous sodium chloride, dried (sodium sulfate), 
decanted, and concentrated to give a yellow oil. Hash column 
chromatography on silica gel eluting with 5-50% ethyl 
acetate/dichloromethane furnished 5.44 g (59% yield) of N-(tert- 
butoxycarbonyl>Ar<3-(beiizylarnmo)hexyl)glycine ethyl ester as a yellow 



*H NMR (400 MHz, CDCI3) was complicated by the presence of a 5-4 
mixture of retainers: 8 7.36-7.18 (m, 4H), 4.16 (q, 2H, J = 7 Hz), 3.94- 
3.67 (m, 5H), 3.45-3.21 (m, 2H), 2.72-2.50 (m, 1H), 1.75-1.21 
25 (m, 9H), 1.43 and 1.39 (two s, 9H), 0.89 (t, 3H, J = 7Hz). 

Mass spectrum (ESI): m/e = 393 (M+l). 



30 



StepT- fy-ftfff-f 



A solution of 5.2 g (13.3 mmol) of Ar-(fm-butoxycarbonyl> 
^(3-(beiizylamino)hexyl)glycine ethyl ester in 15 mL of ethanol and 7.5 
mL of glacial acetic acid was shaken with 2.08 g of 20% palladium 
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hydroxide on carbon under 45-47 psi of hydrogen for 24 h. The mixture 
was filtered and catalyst was washed with ethanol. The filtrate was 
concentrated and the residue was partitioned between 100 mL of ethyl 
acetate and 50 mL of saturated aqueous sodium bicarbonate. The 
5 aqueous phase was extracted with 3 x 50 mL of ethyl acetate, and the 
combined organic layers were dried (sodium sulfate), decanted, and 
concentrated to give iV-(^7r-butoxycarbonyl>^-(3-aminohexyl)glycine 
ethyl ester as a colorless oil in quantitative yield. 

10 lH NMR (400 MHz, CD3OD) was complicated by the presence of a 2: 1 
mixture of retainers: 5 4.21-4.14 (m, 2H), 3.97-3.86 (m, 2H), 3.59-3.50 
(m, 1H), 3.43-3.17 (m, 1H), 2.80-2.68 (m, 1H), 1.75-1.65 (m, 1H), 1.50- 
1.23 (m, 8 H), 1.47 and 1.40 (two s, 9H), 0.96-0.90 (m, 3H). MS(FAB): 
m/e = 303 (M+l). 

15 

Step P; 4-(rgrf-Byto?i;ycajbonyl)-hexahydro-7-propyl-(2ff)-1.4- 

diazepin-2-one. 

A solution of N-(te/t-butoxycarbonyl)-AK3- 
20 aminohexyl)glycine ethyl ester(3.3 g, 10.4 mmol) in 40 mL of ethanol 
was refluxed for 2 d. The solvent was evaporated and the residue was 
purified by flash chromatography on 200 g of silica gel, eluting with 20- 
50% ethyl acetate/dichloromethane followed by 10% 
methanol/dichloromethane. 4-(fm-Butoxycarbonyl>hexahydro-7- 
25 propyl-(2//)- 1 ,4-diazepin-2-one was isolated as 804 mg (30% yield) of 
white solid and 1.64 g (62%) of starting material was recovered. 

*H NMR (400 MHz, CD3OD) was complicated by the presence of a 
mixture of retainers: 84.18-4.01 (m, 2H), 3.84-3.64 (m, 1H), 3.51-3.30 
30 (m, 2H), 1.98-1.85 (m, 1H), 1.71-1.33 (m, 5H), 1.45 (s, 9H), 0.94 (t, 3H, 
J=7Hz). 

Mass spectrum (FAB): m/e = 157 (M-99). 
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s Tf p f- i-r^ff-B n t Q Tvc a thonvlV2.5.6.7-tetrahvdn>-3-methoxv-5- 
prff pyUnWl1 .4-diazepine. 

Using the method described in Example 2, 4-(tert- 
5 butoxycaibonyl)-hexahyciro-7-propyl-(2H)-l,4-diazepin-2-one was 
converted into l-(tert-butoxycaibonyl)-2 1 5,6,7-tetrahydro-3-methoxy-5- 
propyl-( \Hy 1 ,4-diazepine. 

*H NMR (400 MHz, CD3OD) was complicated by the presence of two 
10 rotamers: 8 4.30 and 4.17 (two d, 1H, J = 16 Hz), 4.07-3.95 (m, 1H), 
3.59 (s, 3H), 3.54-3.36 (m, 3H), 1.95-1.78 (m, 1H), 1.61-1.32 (m, 5H), 
1.45 (s, 9H), 0.92 (t, 3H, J = 7 Hz). 

Mass spectrum (FAB): m/e = 256 (M+l). 

15 

Step Fr 1 -rteit-Bu tnyvcaAonvlV3-« g it-butoxvcarhonvliminoV 
h ft Y a hvrim-S-nmnvl-nffl-l .4-diazepine. 

Using the method described in Example 3, 100 mg (0.373 
20 mmol) of l-(terr-butoxycaibonyl)-2^,6,7-tetrahydio-3-methoxy-5- 
propyl-(l#)-l, 4-diazepine yielded 104 mg of crude l-(rcrf- 
butoxycarbonyl)-hexahydro-3-immcH5-propyl-(lH>l,4-diazepine 

hydrochloride salt as an amber foam. Without purification, this 
intermediate was dissolved in 1 .0 mL of chloroform and treated with 

25 0.045 mL (41 mg, 0.36 mmol) of 1,1,3,3-tetramemylguanidine and 85 mg 
(0.392 mmol) of di-rcrf-butyl dicarbonate. After stirring 24 h at room 
temperature, the mixture was partitioned between 25 mL of chloroform 
and 10 mL of saturated aqueous sodium chloride. The aqueous layer was 
extracted with an additional 25 mL of chloroform and the organic layers 

30 were dried (sodium sulfate), decanted, and evaporated. The residue was 
purified by flash column chromatography on 10 g of silica gel eluting 
with 20% ethyl acetate/hexane to furnish 46 mg (41% yield) of l-(tert- 
butoxycart»nyl)-3-(rm-butoxycarbonylmuno>hexahydro-5-propyl- 

(l£0-l>4-diazepine as a colorless film. 
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I l^ZTt ^ 0D): 5 422 <" 1H ' J ■ 16 4 02 - 3 - 84 

Sfff/* S J = 16 3 ' 55 - 344 (m ' 1H >' 322 -3.08 (m, 1H), 
1.86-1.72 (m, 1H), 1.70-1.67 (m, IK), 1.67-1.36 (m, 4H) 1 50 (s 9m 
5 1.44 (s, 9H), 0.96 (t, 3H, J = 7 Hz). * ( ' 9H) ' 

SttP g HeXflhVflro 3 iminn S-nmnvl.n fry] 4 = fla ZfiB i Dfi 



10 



Using the method described in Example 130 (Step D) 1- 

n ^' ,4 ^ aZei>me C ° nVerted mt0 hexahydio-3-iimno-5-p ro pyl. 
(l^)-l,4-ajazepinedihydrochloride. 

15 ,I J!^^ MHZ,CD30D): 84 " 4 « l -lH.J = 15Hz).4.06(d,lH,J 

7, i \ J^- Zi$ * 1H - J " >«.4Hz). 1.96-1.80 (m.2H),. 
171-1.60 (m, 1H), 1.56-1.40 (m, 2H). 1.00 ft, 3H, J = 7 Hz). 

20 Mass spectrum (FAB): m/e = 156 (M-2HCI+1). 



EXAMPTCi« 

ri 

25 CHs^ff^NH 2HCI 



30 



SSSSiAl ^^-Pmoxvr a rhonvivv.n-^^ rn . n r |vpinff ^ ^ 

m^hvi • ^ sm 2 me met hod described in Example 154 (Step A), 
methyl vinyl ketone and glycine ethyl ester were combined and reacted 
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with di-te/t-butyl dicaibonate to give AKrm-butoxycarbonyl)-AH3- 
oxobutyl)glycine ethyl ester. 

lH NMR (400 MHz, CDCI3) showed two distinct retainers in a 3:2 ratio. 
5 Rotamer A (major): 8 4.14 (q, 2H, J = 7 Hz), 3.92 (s, 2H), 3.49 (t, 2H, J 
= 6 Hz), 2.79 (t, 2H, J = 6 Hz), 2.12 (s, 3H), 1.38 (s, 9H), 1.25 (t, 3H, J = 
7 Hz). Rotamer B (minor): 8 4.14 (q, 2H, J = 7 Hz), 3.97 (s, 2H), 3.46 (t, 
2H, J = 6 Hz), 2.74 (t, 2H, J = 6 Hz), 2.13 (s, 3H), 1.45 (s, 9H), 1.23 (t, 
3H, J = 7 Hz). 

10 

Mass spectrum (ESI): m/e = 296 (M+Na). 

Step B: N-ffgrf-Butoxvcareonv n-^-f3-fben7v1amino^butvnglvcine 
ethyl ester. 

15 

Using the method described in Example 154 (Step B), N- 
(terf-butoxycarbonyl)-^V-(3-oxobutyl)glycine ethyl ester was converted 
into ^-(rert-butoxycarbonyl)-A^-(3-(benzylaniino)butyl)glycine ethyl 
ester. 

20 

*H NMR (400 MHz, CDCI3) was complicated by the presence of two 
rotamers: 8 7.36-7.20 (m, 5H), 4.16 (bq, 2H, J = 7 Hz), 3.96-3.68 (m, 
4H), 3.50-3.21 (m, 2H), 2.89-2.66 (m, 1H), 1.74-1.54 (m, 2H), 1.43 and 
1.40 (two s, 9H), 1.26 and 1.24 (two q, 3H, J = 7 Hz), 1.13 and 1.10 (two 
25 d,3H,J = 6Hz). 

Mass spectrum (ESI): m/e = 365 (M+l). 

Step C: N-( tert-Butoxvcaibonvl 3-aminobutvnglvcine ethvl 
30 ester. 

Using the method described in Example 154 (Step C), A^- 
(rert-butoxyc^bonyl)-/V-(3-(benzylamino)butyl)glycine ethyl ester was 
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converted into ^rm-butoxycarbonyl)-^-(3-ammobutyl)glycine ethyl 



ester. 



*H NMR (400 MHz, CDCI3) was complicated by the presence of two 
5 rotamers: 8 4.18 (q, 2H, J = 6 Hz), 3.99-3.86 (m, 2H), 3.58-3.49 (m, 1H) 
3.42-3.17 (m, 1H), 3.07-2.89 (m, 1H), 1.72-1.44 (m, 2 H), 1.47 and 1.41 ' 
(two s, 9H), 1.30-1.24 (m, 3H), 1.15-1.10 (m, 3H). 

Mass spectrum (ESI): m/e = 275 (M+l). 

10 

StepP; ^ffm-ftnTOXVCarbonvlVheyahv^.ni^hvl-p^ -]^ 
diazepin-2-Pne, 

Using the method described in Example 154 (Step D) N- 

15 (tert-butoxycatonyiyN-(3-anmobutyl)#ycme ethyl ester was converted 

mto4-(terf-butoxycarbonyl)-hexahydro-7-memyl-(2^-l,4-m^ 
one. . . . . 

lH NMR (400 MHz, CDCI3) was complicated by the presence of 

20 manners: 5 4.35-3.35 (m, 5H), 1.90-1.60 (m, 2H), 1.44 (s, 9H), 1.22 (d, J 
= o Hz). 

Mass spectrum (ESI): m/e = 229 (M+l). 

memvl-flflVi.^diflyi^in^ 

Using the method described in Example 2 4-(tert- 
butoxy(^nyl)-hexahydro-7-memyl-(2J^-l,4-diazep^ was 
30 converted into l-(^-butoxycarbonyl)-2,5,6,7-tetrahydro-3-methoxy-5- 
methyl-(l/0-l,4-diazepine. * 

lH ( m MHz, CDCI3) was complicated by the presence of two 
rotamers: 8 4.35 and 4.14 (two d, 1H, J =16 Hz), 3.95 (d, 1H, J = 16 
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Hz), 3.64-3.30 (m, 3H), 3.58 (s, 3H), 1.92-1.82 (m, 1H), 1.63-1.52 (m, 
1H), 1.43 (s, 9H), 1.22 (d, 3H, J = 6 Hz). 



Mass spectrum (ESI): m/e = 243 (M+l). 

5 

Step P; 1 -( terf-B utoxvcarbonvn-hexahvdro-3-imino-5-methvl-( 1 H)- 
1 A-Hiazepine hydrochloride. 

Using the method described in Example 3, \-{tert- 
10 butoxycarbonyl)-2,5,6,7-tetrahydro-3-methoxy-5-methyl-(1^0-l,4- 
diazepine was treated with ammonium chloride in ethanol. 
Recrystallization of the crude product from chloroform/dioxane yielded 
1 -(/e7t-butoxycari)onyl>hexahydro-3-irnino-5-methyl-( \H)- 1 ,4-diazepine 
hydrochloride as white crystals. 

15 

lH NMR (400 MHz, CD3OD) was complicated by the presence of two 
rotamers: 5 4.53 and 4.45 (two d, 1H, J ■ 16 Hz), 4.32 and 4.21 (two d, 
1H, J = 16 Hz), 4.13 (dt, 1H, J = 14, 3 Hz), 3.96-3.86 (m, 1H), 3.34-3.20 
(m, 1H), 1.89-1.81 (m, 1H), 1.78-1.62 (m, 1H), 1.47 (s, 9H), 1.35 (d, 3H, 
20 J = 6 Hz). 



Mass spectrum (ESI): m/e = 228 (M-HC1+1). 



Step G: Hexahvdro-3-imino-5-methvl-( 1 H\-\ .4-diazeoine 

25 dihydrochloridg, 

Using the method described in Example 130 (Step D), 1- 
(rm-butoxycari)onyl)-hexahydro-3-imino-5-methyl-(l/i)- 1 ,4-diazepine 
hydrochloride was converted into hexahydro-3-imino-5-methyl-( 1 ,4- 
30 diazepine dihydrochloride. 



lH NMR (400 MHz, CD3OD): 6 4.54 (d, 1H, J = 15 Hz), 4.21 (d, 1H, 
15 Hz), 4.10-4.01 (m, 1H), 3.64 (dt, 1H, J = 14, 3 Hz), 3.40 (td, 1H, J = 



WO 96/14844 PCT/US9S/14812 



5 



10 



-218- 

14, 3 Hz), 2.08 (dtd, 1H, J = 14, 3, 1 Hz), 2.01-1.88(m, 1H), 1.43 (d, 3H, 
J = 7 Hz). 

Mass spectrum (FAB): m/e = 128 (M-2HC1+1). 



EXAMPLE 156 
'fj^NH 2HCI 

2-ImjnO-deC8hY<iro-cis-1 .4-henzoreldiaTftp i ne dihvdrrehlnriffc 
Step A: N-2-Nitrophenv1methvl- P 1vcin«> methyl ester 



15 To a solution of glycine methyl ester hydrochloride (8.3 1 g, 

66.2 mmol) in 150 ml MeOH were added 2-nitrobenzaldehyde (10 g, 
66.2 mmol) and 27 g of powdered molecular sieves (3A) . After stirring 
at room temperature overnight, sodium cyanoborohydride (12.5 g,199 
mol) in 150 ml of THF was added, then the reaction mixture was further 

20 stirred for 8 h. The solvent was removed under reduced pressure. The 
residue was suspended in EtOAc and filtered throught a pad of celite. The 
filtrate was washed with sat NaHC03. The aqueous layer was extracted 
twice with EtOAc. The combined organic layers were dried over 
anhydrous Na2S04, filtered , concentrated and chromatographed on 

25 silica gel eluting with hexane-EtOAc to give 2.94 g of the desired 
product 

1H-NMR (500MHz, CDC1 3 ): 5 7.97(1H, d, J=8Hz), 7.65(1H, d, J-8Hz), 
7.6(1H, t J=8Hz), 7.44(1H, t, J=8Hz), 4.1 1(2H, s), 3.73(3H, s), 3.47(2H, 
30 s). 



Mass Spectrum m/e = 225 (M++1) 
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Step B: N.f2-Aminophenvnmethvl-N-t-butvloxvcaibonvl-plvcine 
methvl ester 

5 To a solution of N-2-nitrophenylmethyl-glycine methyl ester 

(2.94 g, 13.1 mmol) in 80 ml CH3CN was added di-t-butyl dicarbonate 
(3.43 g, 1S.7 mmol) and diisopropylethylamine (6.8 ml, 39 mmol). After 
stirring at room temperature overnight, the solvent was removed under 
reduced pressure, diluted with EtOAc, washed with NH4CI solution. The 

10 aqueous layer was extracted with EtOAc twice. The combined organic 
layers were dried over anhydrous Na2S04, concentrated and 
chromatographed on silica gel eluting with hexane-EtOAc to give 4.1 1 g 
of N-2-nitrophenylmethyl-N-t-butyloxycarbonyl-glycine methyl ester. 
This material was dissolved in ISO ml of MeOH and hydrogenated in a 

15 Parr shaker (50 psi) with 164 mg of 10% Pd/C overnight. The reaction 
mixture was then filtered through a pad of celite and was concentrated. 
The residue was chromatographed on silica gel eluting with hexane- 
EtOAc to give 3.6 g of the desired product 

20 iH-NMR (500MHz, CDCI3): 6 7.1(1H, t, J=7.6Hz), 6.97(1H, d, J=7Hz), 
6.66(2H, multiplet), 4.47(2H, s), 4.41(2H, br. s), 3.71(3H, s), 1.46(9H, s). 

Mass spectrum m/e = 295 (M++1). 

25 Step C: 4-t-ButvloxvcaibonvM.5wiihvdro-lH-ben20-(eV1.4.diazepin- 
2(3HVone 

To a 150 ml DMF solution of N-(2-aminophenyl)methyl-N- 
t-butyloxycarbonyl-glycine methyl ester (3.6 g, 12.2 mmol) was added 
30 NaH (308 mg, 12.8 mmol). After stirring overnight, DMF was removed 
under reduced pressure. The residue was diluted with CH2CI2 and was 
washed with aqueous NH4CI. The aqueous layer was extracted with 
CH2CI2 twice. The combined organic layers were dried over anhydrous 
Na2S04, filtered and concentrated to give pale yellow fluffy solid. This 
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material was suspended in hexanes : EtOAc = 5:1. The solid material 
was collected by suction filtration to give 2.53 g of desired product as 
white solid. 

5 1H-NMR (500MHz, CDC1 3 ): 5 8.1-6.95(4H, br m), 4.6-4.2(4H, br m) 
1.4(9H,brm). 

Mass spectrum m/e = 263 (M++1), 163(M+-Boc). 
10 StepD; 4-t-PlltYloxvcarhonvl-ortflhvriro-1H-h.»^ ffV 1 

To HOAc (50 ml) solution of the 4-t-butyloxycarbonyl-4 5- 

15 added 500 mg of Pt0 2 . This mixture was hydrogenated in a Parr shaker 
(50 psi) overnight, then filtered through a pad of celite, and concentrated. 
The residue was diluted with EtOAc, washed with sat NaHC0 3 twice 
dned over anhydrous Na 2 S0 4 , filtered and concentrated. The residue* 
was chromatographed on silica gel eluting with hexane-EtOAc to give 

20 965 mg of the desired product 

Mass spectrum m/e = 269(M++1), 169(M+-Boc). 

SttPfi; 4-t-P"tY l QXVCariKinv1-?-iminn-^ ^^ ^Y ^f ff - n i7 1 1 
25 Penzo(e)dia7*pine hyHT^hifYirir 

This compound was prepared following the procedure 
described in examples 2 and 3. 

30 Mass spectrum m/e = 268(M++1) 
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To EtOAc (1 mL) solution of 30 mg (0.1 mmol) of 4-t- 
butyloxycaifconyl-2-irnino-dec^ 

hydrochloride was added 2ml of EtOAc solution of anhydrous HC1. 
After stirring for lh, the solvent was removed under reduced pressure to 
give 21 .6 mg of the desired compound. 

Mass spectrum m/e = 168 (M++1) 

EXAMPLR1S7 

2-Irnjno-dgcahvdro-cis-3H-hen2feWi>pin fcdi g driQri de, 



.HC! 



15 Step A; 4.5-nihvdnv^H-^ n ^ a2epin . ? n^ ffr | f 

Sodium azide (1.11 g, 17 mmol) was suspended in 7 mL CHCI3 / 
1.3 mL H2O and cooled to 0 og in an ice bath. Sulfuric acid ( 0.5 mL) 
was added dropwise, and the suspension was warmed to room 
temperature. After 15 minutes, the CHCI3 layer was removed and dried 
with Na2S0 4 . After filtering, the CHCI3 solution was added to a 
solution of l.Og a-tetralone (6.84 mmol) in 2mL CHCI3. The combined 
solutions were cooled to 0© C in an ice bath, and 2.2 mL sulfuric acid 
was added dropwise. After addition, the solution was warmed to 45© c 
for 45 minutes, then cooled to room temperature. The H2SO4 phase was 
diluted with H20 and cooled toO°C. A 50% aqueous solution of NaOH 
was added dropwise until pH=13. The resulting suspension was diluted 
with H2O / EtOAc and stirred until the solids were dissolved. The 
aqueous phase was extracted with ethyl acetate, and the combined 
30 organic layers were dried with Na 2 S0 4 , filtered, concentrated, and 
chromatographed with hexanes / ethyl acetate to isolate 0.64g (58%) of 
the product. 
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lH NMR 500 MHz (CDCI3): 2.18-2.27 (m, 4H), 2.76 (t, 2H), 7 ( app. d, 
1H), 7.12 (app. t, 1H), 7.23 (app.t, 2H). 

5 Mass spectrum m/e = 162 (M+l) 

Step B: Octahvdro-cis-3H-benz(elazepin-2nHlone 

4,5-Dihydro-3H-benz(c)azepin-2(lH)-one (0.5 g, 3.1 mmol) was 
10 dissolved in 4 mL acetic acid and 0.25 g platinum (IV) oxide was added. 
The mixture was shaken under a hydrogen atmosphere at 50 psi 
overnight. The mixture was filtered through Celite, which was then 
washed with lOmL ethyl acetate. The collected solution was 
concentrated to a crystalline solid. Chromatography with hexanes / ethyl 
1 5 acetate isolated 0.45g (87%) of product 

1H NMR (400MHz, CDCI3) 1.1-1.9 (m, 12H), 2.45 (m, 3H), 3.76 (app. s 
1H), 5.2(brslH). 

20 Mass spectrum m/e = 1 68 (M+ 1 ) 

Step C: 2-Imino-decahvdro-3H-henzfe^azepin hydrochloride 

The title compound was prepared following the procedure 
25 described in Examples 2 and 3. 

lH NMR (500 MHz, CD3OD) 1.0-2.4 (m, 13H), 2.58-2.76 (m, 3H), 3.34 
(m, 1H), 3.98 (s, 1H). 

30 Mass spectrum m/e = 167 (M+l) 



WO 96/14844 



PCT7US9S/14812 



-223- 
EXAMPLE 15R 

a^l .HOAc 
N^NH 
H 

5 Trans-Octahvdro-3-imino-2H-K4-ben2thiazine. acetic acid salt 

The tide compound was prepared from trans-2-aminocyclohexanol 
hydrochloride according to the procedure described in Example 140. 

10 Mass spectrum m/e = 171 (M+l) 

EXAMPLE 150 



15 



00. 



.HOAc 



N NH 



Cis-Octahvdro-3-imino-2H-1 ^ggfluaang, acetic arid salt 
Step A; 2-Ethoxvcarbonvlmethvlthio-cvclnheYflnnnP 

20 A solution of 1.14 mL (10 mmol) of 2-chlorocyclohexanone 

in 15 mL of EtOH was treated with 1.1 mL (10 mmol) of ethyl 2- 
mercaptoacetate and 1.38 g (10 mmol) of K2CO3. After stirring for 1 h 
the reaction mixture was partitioned between water and Et20:EtOAC. 
Hie organic layer was washed with water, brine, dried and concentrated. 

25 Purification of the residue by chromatography using a gradient of 1 0-20% 
EtOAc-hexane furnished 2.0 g of the title compound. 

StepB; Cis-Hcxahvdro-1 A-h* n7 thi»**ri^ mHnT 
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To a solution of 0.43 g (2 mmol) of 2- 
ethoxycarbonylmethylthio-cyclohexanone in 5 mL of MeOH, 0.12 g 
(2.24 mmol) of NH4CI was added and strieed for 10 min to allow some 
of NH4CI to dissolve. A THF solution of NaCNBH3 (1M, 2.3 mL) was 
5 dropwise added to this mixture with a syringe pump over 40 min. White 
precipitate was formed as the reducing agent was added. After stirring 
for 4 h, the reaction was quenched by adding NaHC03 solution and 
extracted with EtOAc. The organic layer was washed with water, brine, 
dried and concentrated. The residue was dissolved in 3 mL of EtOH, 
1 0 heated to 50 °C for 2 h then allowed to stand for 2 d. The solution was 
concentrated and the residue was chromatographed using a gradient of 
20-100% EtOAc-hexane to isolate 30 mg of the desired product along 
with 53 mg of the trans-hexahydro- 1 ,4-benzthiaxazin-3(4H)-one. 

15 lH NMR (CDC13): 1.2-2.0 (m, 8H), 3.08 (m, 1H), 3.22 and 3.34 (AB q, 
2H, J=16 Hz), 3.75 (m, 1H), 6.3 (br s, 1H). 

StCP C; Cis-Octahvdro-3-iminn-lH.I.4-betizthi fly in e. acetic acid salt 

20 The title compound was prepared from cis-hexahydro-1,4- 

benzthiaxazin-3(4H)-one by the method of Example 140 step D and E. 

lH NMR (CD30D): 1.35-2.1 (m, 8H), 1.95 (s, 3H), 3.4 (m, 1H), 3.46 
(d, 1H), 3.74 (m, 1H), 3.79 (d, 1H). 

25 

Mass spectrum m/e = 171 (M+l) 



EXAMPLK Ififi 



30 




2-Imino-5f6H)-oxa-m-hexahvdro-n HVq .ii n oline hydrochloric 
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Stgp A; l-Benzvl-3.4.6.7-tetrahvdro-pvrindin-2.S-dinnP 

To a solution of 3-benzylarnino-cyclopent-2-en-l-one (5.0 g, 0.027 
mol) in dry tetrahydrofuran (THF) (120 mL) at reflux temperature was 
5 added over 90 min. a solution of acryloyl chloride (3.15 g, 0.035 mol) in 
THF (60 mL). Stirring at reflux temperature was maintained for an 
additional 10 hours. The reaction mixture was cooled and washed with 
saturated sodium bicarbonate solution (100 mL). The aqueous layer was 
extracted with diethyl ether (2 x 100 mL), and the combined organic 
10 layers dried (Na2S04), and evaporated. The residue was 

chromatographed on silica gel (20-30% acetone/hexane) to afford the tide 
compound as an oil that solidified upon standing; yield 2.17 g (34%). 

lH NMR (400 MHz, CDCI3): d 2.45 (m, 2H); 2.52 (m, 2H); 2.63 (m, 
15 2H); 2.73 (t, 2H); 4.91 (s, 2H); 7.18-7.36 (m, 5H). 

Mass spectrum: m/e 242 (M + 1). 

StePB; l-BenTVl-m-hPYahvdm-pvrinHin^ s.Hfr nf 

20 

A mixture of l-benzyl-3,4,6,7-tetrahyd^pyrmdin-2,5-dione (780 
mg, 3.23 mmol) and sodium carbonate (156 mg) in ethanol (40 mL) was 
hydrogenated in the presence of 10% palladium-on-charcoal (390 mg) at 
50 psi for 48 h. The catalyst was removed by filtration through Celite, 

25 washed with methanol, and the combined filtrate and washings 

evaporated. TLC indicated a mixture of the saturated ketone and slower- 
moving alcohol. The crude product was therefore subjected to oxidation 
with tetrapropylammonium perruthenate(VII) (TPAP) (52 mg, 0.147 
mmol) in methylene chloride (8 mL) in the presence of 4- 

30 methylmorpholine N-oxide (514 mg, 4.39 mmol), and powdered 4A 

molecular sieves ((1.47 g). After stirring for 1 h at room temperature, the 
reaction mixture was placed on top of a column of silica gel (30 g) 
(packed as a slurry in 20% acetone/hexane). Elution with the same 
solvent system afforded the title compound; yield 540 mg (69%). 
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lH NMR (400 MHz, CDCI3): d 1.89 (m, 1H); 1.96-2.09 (m, 2H); 2.16- 
2.37 (m, 3H); 2.42 (m, 2H); 2.50 (m, 1H); 3.98 (m, 1H); 4.25 (d, 1H)- 
5.18 (<L 1H); 7.21-7.32 (m. 5H). 

Mass spectrum: m/e 244. (M + 1). 

StePC; l-Bpnzvl-5-OXa-m-hexahvdrn^,iin 9 1in e -2.6.Hinn^ fl ^ |- 
t>effZY l -6-^a-w-hexahvdro-nuinolin e -2^in 11 f 



To a solution of l-benzyl-cw-hexahydro-pyrindiii-2,5-dione (195 
mg, 0.801 mmol) in chloroform (5 mL) was added p-toluenesulfonic acid 
(10 mg) and a solution of m-chloroperbenzoic acid (138 mg, 0.801 
mmol) in chloroform (5 mL). The reaction mixture was stirred for 2 days 
15 at room temperature and then evaporated. The residue was 

chromatographed on silica gel (30% acetone/hexane) to afford a mixture 
(-55:45) of the title compounds; yield 73 mg (35%). 

lH NMR (400 MHz, CDCI3) for l-beiizyl-5-oxa-cw-hexahydro- 
quinoline-2,6-dione only: d 2.72 (septet, 1H); 3.63 (q, 1H); 4.01 (d, 1H); 
4.67 (m, 1H); 5.37 (d, 1H). 



Step P; l-Ben7v1-V6HVox a -ric-h^^Y^i»"^mf-?-^T1P 

25 To a solution of the mixture of lactones from Step C (65 mg 

0.251 mmol) in THF (1 mL) cooled to -78°C was added 
diisobutylaluminum hydride (1.0M solution in hexanes) (0.50 mL, 0.502 
mmol). After stirring for 1 hour at -78 °C, the reaction was quenched by 
pouring into saturated ammonium chloride solution at 0 °C. The mixture 

30 was extracted with chloroform (2 x 25 mL) and the combined organic 
extracts dried (Na2S04). The crude lactol was treated with triethylsilane 
(41 mL, 0.258 mmol) and boron trifluoride-etherate (23 mL, 0.189 mmol) 
in methylene chloride (1 mL) at -20 °C for 1 hour. Additional 
triethylsilane (27 mL) and boron trifluoride-etherate (21 mL) were added, 
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and the mixture was stirred overnight at room temperature. The mixture 
was diluted with methylene chloride, washed with saturated sodium 
bicarbonate solution, dried (Na2S04) and evaporated. Chromatography 
on silica gel (20% acetone/hexane) afforded the title compound as the 
5 faster-moving on TLC of the two products; yield 5.2 mg. 

lH NMR (400 MHz, CDCI3): d 1.77 (m, 1H); 2.09 (m, 2H); 2.45 (dq, 
1H); 2.77 (septet, 1H); 3.29 (m, 1H); 3.51 (m, 1H); 3.75 (m, 1H); 3.88 
(m, 1H); 4.1 1 (d, 1H); 5.31 (d, 1H); 7.21-7.32 (m, 5H). 

0 

Mass spectrum: m/e 246 (M + 1). 

Step E; 5f6HVOxa-rf.v-hexahvdm-qninoline-nHV2-nne 



1 5 The above compound is prepared in a similar fashion as 

Example 121, Step D, but substituting l-benzyl-5(6H)-oxa-cM- 
hexahydro-quinoline-2-one in place of 1 -benzyl-3 -methy 1-octahydro-ris- 
pyrano[4,3-b]pyridin-2-one. 

20 StCP F; 2-lmin(v5f6HVoxa-^-hex a hvHm-rmY- flu ino1inehvdrnrh1nriHP 

The above compound is prepared from 5(6H)-oxa-cis- 
hexahydro-quinoline-(lH)-2-one following the procedures described in 
Steps E and F of Example 116. 

25 

EXAMPLE 161 



CH 3 

CXI 

jj^NH HCI 



30 



2-Imino4-methvl-5r6HVoxa-ri.v-h e x a hvdm-fiHv T ,,noii P P 
hydrochloride 
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SteP A; l-BenZVl-4-rnethvM 4 6.7-tetrahvHre.pvrindin^ S-Hi^ 

A solution of 3-benzylamino-cyclopent-2-en-l-one (2.0 g, 
10.7 mmol) and diethyl ethylidenemalonate (2.5 mL, 13.7 mmol) was 
stirred for 5 days at 140 °C. The cooled mixture was evaporated, and the 
residue partitioned between ethyl acetate and brine solution. The organic 
layer was evaporated; and the crude product chromatographed on silica 
gel (25% acetone/hexane) to afford the title compound as an oil that 
solidified upon standing; yield 950 mg (35%). 

lH NMR (400 MHz, CDC1 3 ): d 1.11 (d, 3H); 2.42 (m, 2H); 2.53-2.65 
(m, 2H); 2.78 (dd, 1H); 2.92 (m, 1H); 4.79 (d, 1H); 5.07 (d, 1H); 7.18- 
7.37 (m,5H). 

Mass spectrum: m/e 256 (M + 1). 



-2,5-djpng 



The above compound is prepared in a similar fashion as 
Example 160, Step B, but substituting l-benzyl-4-methyl-3,4,6,7- 
20 tetrahydio-pyrindin-2,5-dione in place of l-benzyl-3,4,6,7-tetrahydro- 
pyrindin-2,5-dione. 



StgP C; l-Ben2Vl-4-methvl-5^xa.ri^h ff Tiihvdm.qiiino1in ft .9 *Hffrnf 

and l-ben2vl-4-methvl-fVoxa-c«-h e x a hvrir n -auinoiin e -7 s-Hin^ 

The above compound is prepared in a similar fashion as 
Example 160, Step C, but substituting l-benzyl-4-methyl-c«-hexahydro- 
pyrindin-2,5-dione in place of l-benzyl-cis-hexahyd^-pyrindin-2,5- 
dione. 

SteP P; l-Benre1-4-meJhvMr6HWix a .rr^ 



The above compound is prepared in a similar fashion as 
Example 160, Step D, but substituting l-benzyl-4-methyl-5-oxa-ciy- 
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hexahydro-quinoline-2,6-dione and l-benzyl-6-oxa-cu-hexahydro- 
quinoline-2,5-dione in place of 1 -benzyl-5 -oxa-cts-hexahydro-quinoline- 
2,6-dione and l-benzyl-6-oxa-m-hexahydro-quinoline-2,5-dione. 

S Step E; 4-Metfavl-S(6m-oxa-cis-hexahvdro-Quinoline-nm-2-nn e 

The above compound is prepared in a similar fashion as 
Example 121, Step D, but substituting l-benzyl-4-methyl-5(6H)-oxa-cis- 
hexahydro-quinoline-2-one in place of l-benzyl-3-methyl-octahydro-cw- 
10 pyrano[4,3-b]pyridin-2-one. 

Step F; 2-Imino-4-methvl-5(6HVoxa-c«-hexahvdm -f lHVquinoline 
hydrochloride 

1 5 The above compound is prepared from 4-methyl-5(6H)-oxa- 

c«-hexahydro-quinoline-(lH>2-one following the procedures described 
in Steps E and F of Example 116. 



2-Imino-decahvdro-trans.l .4-ten7/»reldiazenine ^h ydrochloride 

25 Step A: (+) and (-) -cis-2-t-Butvloxvcarhonv1 a minn- 
cvclohexanemethannl 

To a 60 mL ethanol solution of (+)-cis-2-benzylamino- 
cyclohexanemethanol (2 g, 9.1 mmol) was added 0.7 g of 10% Pd/C. 
30 This mixture was subjected to hydrogenolysis condition in a Parr shaker 
(H2, 50 psi) overnight. Then the catalyst was removed by suction 
filtration through a pad of Celite. The solvent was removed under 



EXAMPLE 1 62 



20 
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reduced pressure and the residue was dissolved in 60 mL of acetonitrile. 
To it was added 1 1 mL of IN NaOH and 2.39 g (1 1 mmol) of di-t-butyl 
dicarbonate. After stirring overnight, the solvent was removed under 
reduced pressure. Resulting oil was chromatoghaphed on silica gel 
5 eluting with hexanes/EtOAc to obtain 1.98 g of (+)-cis-2-t- 
butyloxycarbonylamino-cyclohexanemethanol. (-) -cis-2-t- 
Butyloxycarbonylamino-cyclohexanemethanol was obtained in a similar 
fashion starting from (-)-cis-2-benzylamino-cyclohexanemethanol. 

10 iH-NMR (500 MHz, CDCI3): d 4.8(br s, 1H), 4.2(br s, 1H), 4.05(br s, 
1H), 3.4-3.2(m,2H), 1.8-0.8(m, 17H). 

Ste P fi : cis-g-tPptvloxvcaitonvl-aminocvcloheicanftra ri ^xaldehvriP 

15 To a 60 mL dry dichloromethane solution of dimethylsulfoxide 

(1.86 mL, 26.2 mmol) was added oxalyl chloride (1.14 mL, 13.0 mmol) 
with cooling in a dryice-acetone bath. After stining for 15 min, a 
solution of 1 g (4.36 mmol) of (+) -2-t-butyloxycarobonylamino- 
cyclohexanemethanol and (-) -2-t-butyloxycarbonylamino- 

20 cyclohexanemethanol (1 g, 4.36 mmol) in 30 mL of CH2C12 was added 
with a cannula. The internal temperature was maintained between -50 
and -60 oq for 35min and the reaction was quenched by addition of 4.86 
mL (34.8mmol) of Et3N . The cooling bath was removed and the 
reaction mixture was warmed up to room temperature. The solvent was 

25 removed under reduced pressure and the residue was diluted with EtOAc 
and water. The phases were separated and the aqueous phase was 
extracted twice with small portions of EtOAc. The combined organic 
phases were dried over anhydrous Na2S04, filtered, concentrated and 
chromatographed on silca gel eluting with hexanes/EtOAc to obtain 2.0 g 

30 of the tide compound. 

iH-NMR (500 MHz, CDCI3): d 9.71 (s, 1H), 5.23 (br.s, 1H), 3.98 (br s, 
1H), 2.7 (br s, 1H), 2.0-1.2 (m., 17H). 
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StepC: cis/trans-2-t-ButvloxvcaAnnvlflitiinn- 

(+/-) -cis-2-t-Butyloxycarobonylamino- 
5 cyclohexanecarboxaldehyde (2 g, 8.8 mmol) was dissolved in 100 mL of 
methanol. To it was added NaOMe/MeOH prepared from 10 mg sodium 
and 5 mL of dry methanol. This mixture was heated to reflux for 2 h then 
47mg of NH4C1 was added and the solvent was removed under reduced 
pressure. The residue was chromatoghaphed on silica gel eluting with 
10 hexanes/EtOAc to obtain 1 .7 g of the title compound. The ratio of cis 
and trans isomers was determined to be 1 : 3.2 (cis/trans) by *H-NMR. 

*H-NMR for (+/-) -trans-2-t-Butyloxycarbonylamino- 
cyclohexanecarboxaldehyde (500 MHz, CDC13): d 9.6 (s, 1H), 4.5 (br s, 
15 1H), 3.8 (br.s, 1H), 2.05-1.2 (m, 17H). 

Step D: N-(cis/trans-f2-t-Butvloxvcarbonvlamino-cvclohexvnmethvn- 

glycine methyl gftttr 

20 To a 75 mL dry methanol solution of (+/-) -cis/trans-2-t- 

butyloxycarbonylammo-cyclohexanecarboxaldehyde (1.7 g, 7.5 mmol) 
were added glycine methylester hydrochloride (1.13 g, 9 mmol) and 3 g 
of powedered molecular sieves (3A). After stirrring overnight, a THF 
(50 mL) solution of 1.4 g (22.3 mmol) of sodiumcyanoborohydride was 

25 added. This mixture was stirred for 8 h and the solvent was removed 
under reduced pressure. The residue was suspended in EtOAc and was 
filtered through a pad of Celite. The filtrate was washed with sat. 
NaHC03, dried with anhydrous Na2S04, filtered, concetrated and 
chromatographed on silica gel eluting with hexanes/EtOAc followed by 

30 CH2C12/MeOH to obtain 600 mg of the desired compound. 

iH-NMR (500MHz, CDCI3): d 3.73 (s, 3H), 1.45 (s, 9H) other peaks 
could not be analyzed due to the broadning . 
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Mass Spectrum: m/e = 301 (M+l). 

Ste P E: N-(gi?/trans-r2-amino-cvc1ohftxvnTn e thviv g )Y f ine "lathvi » m 

5 To a 10 mL EtOAc solution of (+/-)-N-(cis/trans-(2-t- 

butyloxycarbonylainino-cyclohexyl)methyl)-glycine methyl ester (300 
mg, l.Ommol) was added 10 mL of EtOAc saturated with anhydrous HC1 
gas. After stirring for 2 h, the solvent was removed under reduced 
pressure to give a white solid. This material was chromatographed on 
10 silica gel eluing with CHCl3:MeOH:NH40H (40:10:1) to obtain 180 mg 
of the desired product. 

1H-NMR (500 MHz, CDC1 3 ): d 3.75 (s, 3H), 3.05-2.95 (m, 3H), 2.4-2.3 
(m,2H). 

Mass Spectrum: m/e = 201(M+1). 

Ste P F: 4-t-ButVloxvCarhonvl-nrtahvH^-^-hen^Viff^n^^ 
diazepine^ntf).^ 



15 



20 



To a 10 mL absolute ethanol solution of (+/-)-N-(cis/trans-(2- 
aniino-cyclohexyl)methyl)-glycine methyl ester (180 mg, 0.90 mmol) 
was added 186 mg (1.35 mmol) of potassium carbonate. This slurry was 
heated to reflux overnight. TLC analysis of the reaction indicated that 

25 the starting material disappeared and a product was formed. Then the 
solvent was removed under reduced pressure. Resuting material was 
dissolved in 10 mL of acetonitrile and 2 mL of water, to which was added 
254 mg (1.16 mmol) of di-t-butyldicarbonate. After strring overnight, 
acetonitrile was removed under reduced pressure and the residue was 

30 diluted with EtOAc and saturated ammonium chloride solution. The 
organic phase was separated and the aqueous phase was extracted with 
EtOAc. The combined organic phases were dried over anhydrous 
Na2S04, filtered, concentrated and chromatographed on silica gel eluting 
with CH2C12/MeOH to obtain 146 mg of the desired compound. 
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lH NMR (500 MHz, CDC13): d5.3 (br.s, 2H), 4.2-3.6 (br m, 4H), 3.05 
(br s, 1H), 2.8 (br s, 1H), 1.47 (s, 9H). 

5 Mass Spectrum: m/e = 269 (M+l). 

StepG: 4-t-B^tylox,ycajbQnyl-2-inun^^ 

1.4-diazepine 

10 This compounds were prepared following the procedure of 

EXAMPLE 43 Step E and F. The cis and trans isomers were separated 
by silica gel chromatography eluting with CHC13:MeOH:NH40H 
(40:5:1). 

15 iH-NMR (500 MHz, CDCI3): d4.7 (m, 1H), 4.2-3.6 (m, 5H), 3.05 (br s, 
1H), The rest of the spectum could not be analyzed due to line broadning. 

Mass Spectrum: m/e = 268 (M+l). 

20 Step H: 2-Imino-decahvdro-trans-l 4-henzotodiazepine 
dihvdrochloride 

Title compound was prepared as described in Example 156 Step F. 



25 Mass Spectrum: m/e- 168(M+1). 
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WHATTSPf ATMppy^. 

1. A compound of Formula I 

R1.R2.R3 1* N 

5 I 

or a pharmaceutically acceptable salt thereof wherein: 
side a or side b has a double bond, 
n is 0, 1,2,3 or 4 

10 m is oTor 2 fr0m ^ ° Rl2Rl3 ' °' S(0)m ' m *** - N ( c l-6alkyl)-, 

Rl, R2, R3, Rl2 and R13 are each independently selected from the group 
consisting of K 

(a) hydrogen, 

(b) CM2alkoxy, 

15 (c) Ci-i 2 alkylS(0)k wherein k is 0, 1 or 2, 

(d) mono Ci-i2alkylamino, 

(e) (di-Ci-i2alkyl)amino, 
(0 Ci-i2alkylcarbonyl, 
(g) Ci-i2alkyl, 

20 (h) C2-12alkenyl, 

(i) C2-12alkynyl, 
(j) C5-10cycloalkyl, 

(k) heteroC5-10cycloalkyl,wheremtheheteroC5.iocycloalkyl 
optionally contains 1 or 2 heteroatoms selected from S, O 
<£> andN, 

(1) aryl, selected from phenyl or naphthyl, 

(m) heteroaryl, wherein heteroaryl is selected from the group 
consisting of: 

(1) benzimidazolyl, 

(2) benzofuranyl, 



WO 96/14844 



PCT/US95/14812 



-235- 

(3) benzooxazolyl, 

(4) furanyl, 

(5) imidazolyl, 

(6) indolyl, 

5 (7) isooxazolyl, 

(8) isothiazolyl, 

(9) oxadiazolyl, 

(10) oxazolyl, 

(11) pyrazinyl, 
10 (12) pyrazolyl, 

(13) pyridyl, 

(14) pyrimidyl, 

(15) pyrrolyl, 
(17) isoquinolyl, 

15 (18) tetrazolyl, 

(19) thiadiazolyl, 

(20) thiazolyl, 

(21) thienyl, and 

(22) triazolyl, 

20 (n) amino, 

(o) oxo, 
(p) C(0)OH, 

(q) C(0)OR6, R6 is selected from hydrogen, phenyl, cyclohexyl 
orCi-6alkyl, 

25 e*"* o{ (b) to (m) being optionally mono or di- substituted 

the substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, where R7 is selected from hydrogen, phenyl, 
30 cyclohexyl or Ci-6alkyl, 

(4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6, 

(7) halo selected from F, CI, Br and I, 
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(8) -C(=NR6)-NHR7, 

(9) -S-C(=NR6)-NHR7, 
(r) hydroxy, 

or when two members of the group Ri, R2 and R3 including the 
5 optional substituents present thereon, reside on the same 

atom of Formula I, or two of the group Ri , R2 and R3, 
including the optional substituents present thereon, reside 
on adjacent atoms of Formula I, said two members may 
optionally be joined, such that together with the atoms to 

1 0 which they are attached there is formed a saturated or 

unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 
or when a member of the group Rl, R2 and R3 including the 

15 optional substituents present thereon, resides on an atom 

adjacent to the N on which R4 resides, said member may 
optionally be joined with R4, such that together with the N 
on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 

20 monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 

optionally containing up to three hetero atoms selected from 
N, O or S, 

with the proviso that one of R12 and R13 are other than H, 
R4, R5 and R5a are each independently selected from the group 
25 consisting of 

(a) hydrogen, 

(b) linear and branched Cl-l2alkyl, optionally mono or di- 
substituted, the substituents being independently selected 
from 

30 (1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, 

(4) -OR6, 

(5) -C(0)OR6, 
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(6) -S(0)kR6, 

(7) halo selected from F, CI, Br and I, 

(8) phenyl, optionally mono or di-substituted with 

hydroxy, halo, Ci-4alkyl, or Cl-4alkoxy, 
5 (c) -C(0)NR8R9, where R8 and Ro are each independently 

hydrogen, phenyl, cyclohexyl or Ci-6alkyl, said Cl-6alkyl 
optionally substituted by 

(1) hydroxy, 

(2) amino, 
10 (3)carboxy, 

(4) -NRloRll, wherein Rio and Rn are each 

independently H, Ci-6alkyl, phenyl or benzyl, 

(5) -ORio, 

(6) -C(O)ORi0, 

15 (7) -S(O) m Ri0, where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 

(9) optionally substituted aryl wherein aryl and aryl 

substituents are as defined above, 

(10) optionally substituted heteroaryl wherein heteroaryl and 
20 heteroaryl substituents are as defined above, 

(11) optionally substituted C5-10cycloalkyl wherein 

cycloalkyl and cycloalkyl substituents are as defined 
above, 

(12) optionally substituted hetero Cs-iocycloalkyl wherein 

25 hetero cycloalkyl and hetero cycloalkyl substituents 

are as defined above, 

(d) -C(S)NRgR9. 

(e) -C(0)R9, 

(f) -C(0)OR9, 
30 (g) -C(S)R9, 

(h) phenyl, 

(i) cyclohexyl, 

provided that R4 is present only when side a is a single bond and R5a is 
present only when side b is a single bond. 
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2. A compound according to claim 1 wherein 
nisO, 1,2,3 or 4, 

X is selected from CH2, CRl2Rl3. 0, S(0)m. NH, and -N(Ci-6alkyl)-, 
m is 0, 1 or 2, 

5 Ri, R2, R3, Rl2 and Rl3 are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) Ci-6alkoxy, 

(c) Cl-6alkylamino, 
10 (d) Ci-6alkylcarbonyl, 

(e) Cl-6alkyl, 
(£) C2-6alkenyl, 

(g) C2-6alkynyl, 

(h) C5, C6 or C7cycloalkyl, 

15 (i) hetero C5, C6 or C7cycloalkyl,wherein the hetero C5, C6 or 

C7cycloalkyl optionally contains 1 or 2 heteroatoms selected 
from S, O and N, 
(j) aryl, selected from phenyl or naphthyl, 
(k) heteroaryl, wherein heteroaryl is selected from the group 
20 consisting of: 

(1) benzimidazolyl, 

(2) benzofuranyl, 

(3) benzooxazolyl, 

(4) furanyl, 
25 (5) imidazolyl, 

(6) indolyl, 

(7) isooxazolyl, 

(8) isothiazolyl, 

(9) oxadiazolyl, 
30 (10) oxazolyl, 

(11) pyrazinyl, 

(12) pyrazolyl, 

(13) pyridyl, 

(14) pyrimidyl, 
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(15) 


pynolyl, 


(16) 


quinolyl, 


(17) 


tetrazolyl, 


(18) 


thiadiazolyl, 


(19) 


thiazolyl, 


(20) 


thienyl, and 


(21) 


triazolyl, 



(1) hydroxy, 

each of (b) to (k) being optionally mono or di- substituted 
10 the substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, where R6 and R7 are selected from hydrogen, 

phenyl, cyclohexyl or Cl-6alkyl, 
15 (4)-OR6, 

(5) -C(0)OR6, 

(6) -S(0) k R6. 

(7) halo selected from F, CI, Br and I, 

(8) -C(=NR6>NHR7, 
20 (9)-S-C(=NR6)-NHR7, 

or when two members of the group Rl, R2 and R3 including the 
optional substituents present thereon, reside on the same 
atom of Formula I, or two of the group Rl , R2 and R3, 
including the optional substituents present thereon, reside on 

25 adjacent atoms of Formula I, said two members may 

optionally be joined, such mat together with the atoms to 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
monocyclic ring optionally containing up to three hetero 

30 atoms selected from N, O or S, 

or when a member of the group Rl, R2 and R3 including the 
optional substituents present thereon, resides on an atom 
adjacent to the N on which R4 resides, said member may 
optionally be joined with R4, such that together with the N 
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on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionally containing up to three hetero atoms selected from 
5 N, O or S, 

with the proviso that one of R12 and R13 is other than hydrogen, 
R4. R5 and R5a are each independently selected from the group 
consisting of 

(a) hydrogen, 

10 (b) linear and branched Ci-6alkyl, optionally mono or di- 

substituted, the substituents being independently selected 
from 

(1) hydroxy, 

(2) carboxy, 

15 (3) -NR6R7, 

(4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6, where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I, 

20 (c) -C(0)NR8Rq, where R8 and R9 are each independendy 

hydrogen, phenyl, cyclohexyl or Cl-4alkyl, Ci-4alkyl 
optionally substituted by 

(1) hydroxy, 

(2) amino, 
25 (3) carboxy, 

(4) -NR10R1 1, wherein Rio and R 1 1 are each 

independently H, CMalkyl, phenyl or benzyl, 

(5) -OR10, 

(6) -C(O)ORi0, 

30 (7) -S(0) m Rio, where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 

(9) optionally substituted aryl wherein aryl andaryl 

substituents are as defined above, 
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(10) optionally substituted heteroaryl wherein heteroaryl and 

heteroaryl substituents are as defined above, 

(11) optionally substituted C5, Q> or C7cycloalkyl wherein 

cycloalkyl and cycloalkyl substituents are as defined 
5 above, 

(12) optionally substituted hetero C5, C6 or C7cycloalkyl 

wherein hetero cycloalkyl and hetero cycloalkyl 
substituents are as defined above, 
(d) -C(S)NR8R9. 
10 (e) -C(0)R9, 

(f) -C(0)OR9, 

(g) -C(S)R9, 

(h) phenyl, 

(i) cyclohexyl, 

1 5 such that R4 is present only when side a is a single bond and side b is a 
double bond. 

3. A compound according to claim 2 wherein 
nisO, 1,2, 3 or 4 
20 X is selected from CH2, CRl2Rl3» O, NH and -N(Cl -4alkyl)-, 

Rl» R2. R3. Rl2 and R13 are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) Cl-6alkoxy, 

25 (c) Ci-6alkylamino, 

(d) Ci-6alkylcarbonyl, 

(e) Cl^alkyl, 

(f) C2-6alkenyl, 

(g) C5, C6 or C7cycloalkyl, 

30 (h) hetero C5 or C6 cycloalkyl,wherein the hetero C5 or C6 

cycloalkyl optionally contains 1 heteroatom selected from S, 
OandN, 

(i) aryl, selected from phenyl or naphthyl, 



WO 96/14844 



PCT/US9S/14812 



-242- 

(j) heteroaryl, wherein heteroaryl is selected from the group 
consisting of: 



5 



10 



(1) 


furanyl, 


(2) 


pyrazinyl, 


(3) 


pyrazolyl, 


(4) 


pyridyl, 


(5) 


pyrimidyl, 


(6) 


thiazolyl, 


(7) 


thienyl, and 


(8) 


triazolyl, 



(k) hydroxy, 

each of (b) to (j) being optionally mono or di- substituted the 
substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, wherein R6 and R7 are each independently 

hydrogen or Ci^alkyl, 

(4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6, where k is 0, 1 or 2, 

(7) halo selected from F, a, Br and I, 

(8) -C(=NR6)-NHR7, 
(9>S-C(=NR6)-NHR7, 

or when two members of the group Rl, R2 and R3 including the 
optional substituents present thereon, reside on the same 
atom of Formula I, or two of the group Rl , R2 and R3, 
including the optional substituents present thereon, reside on 
adjacent atoms of Formula I, said two members may 
optionally be joined, such that together with the atoms to 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 
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or when a member of the group Rl, R2 and R3 including the 
optional substituents present thereon, resides on an atom 
adjacent to the N on which R4 resides, said member may 
optionally be joined with R4, such that together with the N 
5 on which R4 resides and the carbon on which said member 

resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
optionally containing up to three hetero atoms selected from 
N,OorS, 

10 with the proviso that one of R12 and R13 is other than hydrogen, 
R4, R5 and R5a are each independently selected from the group 
consisting of 

• (a) hydrogen, 

(b) linear and branched Ci-6alkyl, optionally mono or di- 
15 substituted, the substituents being independently selected 

from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, 
20 (4)-OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6, 

(7) halo selected from F, CI, Br and I, 

(c) -C(0)NR8R9. where Rg and R9 are each independently 
25 hydrogen, phenyl, cyclohexyl or C l-4alkyl, said C l-4alkyl 

optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

30 (4) -NRioRl 1, wherein RlO and Rl 1 are each 

independently H, Cl-4alkyl, phenyl or benzyl, 

(5) -ORlO, 

(6) -C(O)ORi0, 

(7) -S(O) m Rl0, where m is 1 or 2, 
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(8) halo selected from F, CI, Br and I, 

(9) optionally substituted aryl wherein aryl and aryl 

substituents are as defined above, 

(10) optionally substituted heteroaryl wherein heteroaryl and 
5 heteroaryl substituents are as defined above, 

(11) optionally substituted C5 or C6 cycloalkyl wherein 

cycloalkyl and cycloalkyl substituents are as defined 
above, 

(12) optionally substituted hetero C5 or C6 cycloalkyl 
10 wherein hetero cycloalkyl and hetero cycloalkyl 

substituents are as defined above, 

(d) -C(S)NRgR9, 

(e) -C(0)R9, 

(f) -C(0)OR9, 
15 (g) -C(S)R9, 

(h) phenyl, 

(i) cyclohexyl, 

such that R4 is present only when side a is a single bond and side b is a 
double bond. 



20 



4. A compound according to Claim 3 wherein 



n is 0, 1,2 or 3, 
X is selected from CR12R13, NH and -N(Ci-4alkyl)-, 
Rl. R2, R3, Rl2 and Rl3 are each independently selected from the group 
25 consisting of 

(a) hydrogen, 

(b) Ci-4alkoxy, 

(c) Cl-4alkylamino, 

(d) Ci^alkylcarbonyl, 

30 (e) linear and branched Ci^alkyl, 

(f) hydroxy, 

each of (b) to (e) being optionally mono or di- substituted 
the substituents being independendy selected from 
(1) hydroxy, 
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(2) carboxy, 

(3) -NR6R7. wherein R6 and R7 are each independently 

hydrogen or Ci-3alkyl, 

(4) -OR6, 

5 (5)-C(0)OR6, 

(6) -S(0)kR& where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I, 

or when two members of the group Rl, R2 and R3 including the 
optional substituents present thereon, reside on the same 

10 atom of Formula I, or two of the group Rl , R2 and R3, 

including the optional substituents present thereon, reside on 
adjacent atoms of Formula I, said two members may 
optionally be joined, such mat together with the atoms to 
which they are attached there is formed a saturated or 

15 unsaturated monocyclic ring of 5, 6 or 7 atoms, said 

monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 
or when a member of the group Rl , R2 and R3 including the 
optional substituents present thereon, resides on an atom 

20 adjacent to the N on which R4 resides, said member may 

optionally be joined with R4, such that together with the N 
on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 

25 optionally containing up to three hetero atoms selected from 

N.OorS, 

with the proviso that one of R12 and R13 is other than hydrogen, 
R4, R5 and R5a are each independently selected from the group 
consisting of 
30 (a) hydrogen, 

(b) -C(O)NR8R0, where R8 and R9 are each independently 

hydrogen or Ci-3alkyl, said Ci-3alkyl optionally substituted 
by 

(1) hydroxy, 
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(2) amino, 

(3) carboxy, 

(4) -NRioRl 1. wherein Rio and Ri i are each 

independently H or Ci-3alkyl, 
5 (5)-ORio, 

(6) -C(0)ORio, 

(7) -S(0) m Rio, where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 
(c) -C(S)NR8R9, 

10 (d) -C(0)R9, 

(e) -QO)OR9, 

(f) -C(S)R9, 

(g) -C(S)HR9. 

(h) -CMalkyl; and 
15 R13 is hydrogen. 

5. A compound according to Claim 4 wherein 

nisO, 1,2 or 3, 
20 X is selected from CR12R13, NH and -N(Ci-4alkyl)-, 

Rl, R2, R3J^12 and R13 are each independently selected from the group 
consisting of 

(a) hydrogen, 

(b) Ci-4alkoxy, 

25 (c) Ci-4alkylainino, 

(d) Ci^alkylcarbonyl, 

(e) linear and branched C l-4alkyl, 

(f) hydroxy, 

each of (b) to (e) being optionally mono or di- substituted 
,0 thesubstituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, wherein R6 and R7 are each independently 

hydrogen or Ci-3alkyl, 
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(4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6. where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I, 
5 R4 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHRq, where Ro is hydrogen or Cl-3alkyl, 
said Cl-3alkyl optionally substituted by 

(1) hydroxy, 
10 (2) amino, 

(3) carboxy, 

(4) -NRioRl 1, wherein Rio and Ri l are each 

independendy Cl-3alkyl, 

(5) -ORio, 

15 (6)-C(0)ORio, 

(7) -S(0) m Rio, where m is 1 or 2, 

(8) halo selected from F, CI, Br and I, 

(c) -C(S)NHRo; 

(d) -Cl-4alkyl. 

20 R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, 

(c) -C(S)NR8RQ. 

(d) -Cl-4alkyl, and 

25 R5a and R13 are each hydrogen. 

6. A compound of Formula I according to Claim 1 




I 

30 
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or pharmaceutically acceptable salts thereof wherein 
side a or side b has a double bond, 
nisO, 1,2, 3 or 4 

X is selected from CH2, 0, S(0)m and NH, 
5 Rl, R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogen, 

(b) CM2alkoxy, 

(c) Ci- l2alkylS(0)k wherein k is 0, 1 or 2, 
10 (d) monoCl-i2alkylamino, 

(e) (di-Cl-i2alkyl)amino, 

(f) Cl-i2alkylcarbonyl, 

(g) Ci-i2alkyl, 

(h) C2-12alkenyl, 
15 (i). C2-12alkynyl, 

0) C5-l0cycloalkyl, 

(k) hetero C5. iOcycloalkyl,wherein the hetero C5-iocycloalkyl 
optionally contains 1 or 2 heteroatoms selected from S, O 
andN, 

20 (1) aryl, selected from phenyl or naphthyl, 

(m) heteroaryl, wherein heteroaryl is selected from the group 
consisting of: 

(1) benzimidazolyl, 

(2) benzofuranyl, 
25 (3) benzooxazolyl, 

(4) furanyl, 

(5) imidazolyl, 

(6) indolyl, 

(7) isooxazolyl, 
30 (8) isothiazolyl, 

(9) oxadiazolyl, 

(10) oxazolyl, 

(11) pyrazinyl, 

(12) pyrazolyl, 
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(13) 


pyridyl, 


(14) 


pyrimidyl, 


(15) 


pyrrolyl, 


(17) 


isoquinolyl, 


(18) 


tetrazolyl, 


(19) 


thiadiazolyl, 


(20) 


thiazolyl, 


(21) 


thienyl, and 


(22) 


triazolyl, 



10 (n) amino, 

(o) oxo, 
(p) C(0)OH, 

(q) C(0)OR6, R6 is selected from hydrogen, phenyl, cyclohexyl 
orCl-6alkyl, 

1 5 each of (b) to (m) being optionally mono or di- substituted 

the substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, where R7 is selected from hydrogen, phenyl, 
20 cyclohexyl or Ci-6alkyl, 

(4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6, 

(7) halo selected from F, CI, Br and I, 
25 (8) -C(=NR6)-NHR7, 

(9)-S-C(=NR6)-NHR7, 
or when two members of the group Ri , R2 and R3 including the 
optional substituents present thereon, reside on the same 
atom of Formula I, or two of the group Ri , R2 and R3, 
30 including the optional substituents present thereon, reside on 

adjacent atoms of Formula I, said two members may 
optionally be joined, such that together with the atoms to 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
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monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 
or when a member of the group Ri, R2 and R3 including the 
optional substituents present thereon, resides on an atom 
5 adjacent to the N on which R4 resides, said member may 

optionally be joined with R4, such that together with the N 
on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
10 optionally containing up to three hetero atoms selected from 

N.OorS, 

R4, R5 and R5a are each independently selected from the group 
consisting of 

(a) hydrogen, 

15 (b) linear and branched CM2alkyl, optionally mono or di- 

substituted, the substituents being independently selected 
from 

(1) hydroxy, 

(2) carboxy, 

20 (3)-NR6R7, 

(4) -OR6. 

(5) -C(0)OR6, 

(6) -S(0) k R6, 

(7) halo selected from F, Q, Br and I, 

25 (8) phenyl, optionally mono or di-substituted with 

hydroxy, halo, Ci-4alkyl, or Ci-4alkoxy, 
(c) -C(0)NR8R9, where R8 and R9 are each independently 
hydrogen, phenyl, cyclohexyl or Ci-6alkyl, said Ci-6alkyl 
optionally substituted by 
30 (1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NR10R1 1, wherein Rio and Ri 1 are each 

independently H, Ci-6alkyl, phenyl or benzyl, 
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(5) -ORio, 

(6) -C(O)ORl0. 

(7) -S(O) m Rl0. where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 

5 (9) optionally substituted aryl wherein aryl and aryl 

substituents are as defined above, 

(10) optionally substituted heteroaryl wherein heteroaryl and 

heteroaryl substituents are as defined above, 

(11) optionally substituted C5-10cycloalkyl wherein 

1 0 cycloalky 1 and cycloalky 1 substituents are as defined 

above, 

(12) optionally substituted hetero C5-iocycloalkyl wherein 

hetero cycloalkyl and hetero cycloalkyl substituents 
are as defined above, 
15 (d) -C(S)NRgR9, 

(e) -C(0)R9, 

(f) -C(0)OR9, 

(g) -C(S)R9, 

(h) phenyl, 

20 (i) cyclohexyl, 

provided that R4 is present only when side a is a single bond and R5a is 
present only when side b is a single bond. 

7. A compound according to Claim 6 wherein 
25 n is 0,1, 2, 3 or 4, 

X is selected from CH2, 0, S and NH, 

R 1 , R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogen, 
30 (b) Ci-6alkoxy, 

(c) Ci-6alkylamino, 

(d) Ci-oalkylcarbonyl, 

(e) Cl-6alkyl, 

(f) C2-6alkenyl, 
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(g) C5, C6 or C7cycloalkyl, 

(h) hetero C5 or C6 cycloaIkyl,wherein the hetero C5 or C6 
cycloalkyl optionally contains 1 heteroatom selected from S, 
OandN, 

(i) aryl, selected from phenyl or naphthyl, 

0) heteroaryl, wherein heteroaryl is selected from the group 
consisting of: 



10 



(1) 


furanyl, 


(2) 


pyrazinyl, 


(3) 


pyrazolyl, 


(4) 


pyridyl, 


(5) 


pyrimidyl, 


(6) 


thiazolyl, 


(7) 


thienyl, and 


(8) 


triazolyl, 



each of (b) to (j) being optionally mono or di- substituted the 
substituents being independently selected from 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, where R6 and R7 are each independently 

hydrogen, phenyl or Ci-4alkyl, 

(4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6. where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I, 

or when two members of the group Ri, R2 and R3 including the 
optional substituents present thereon, reside on the same 
atom of Formula I, or two of the group Ri , R2 and R3, 
including the optional substituents present thereon, reside on 
adjacent atoms of Formula I, said two members may 
optionally be joined, such that together with the atoms to 
which they are attached there is formed a saturated or 
unsaturated monocyclic ring of 5, 6 or 7 atoms, said 
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monocyclic ring optionally containing up to three hetero 
atoms selected from N, O or S, 
or when a member of the group Rl, R2 and R3 including the 
optional substituents present thereon, resides on an atom 
5 adjacent to the N on which R4 resides, said member may 

optionally be joined with R4, such that together with the N 
on which R4 resides and the carbon on which said member 
resides there is formed a saturated or unsaturated 
monocyclic heterocycle of 5, 6 or 7 atoms, said monocycle 
10 optionally containing up to three hetero atoms selected from 

N;OorS, 

R4, Rs and R5a are each independently selected from the group 
consisting of 

(a) hydrogen, 

15 (b) linear and branched Ci-6alkyl, optionally mono or di- 

substituted, the substituents being independently selected 
from 

(1) hydroxy, 

(2) carboxy, 

20 (3) -NR6R7, 

(4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0)kR6, where k is 0, 1 or 2, 

(7) halo selected from F, CI, Br and I, 

25 (c) -C(0)NR8R9, where R8 and Ro are each independendy 

hydrogen, phenyl, cyclohexyl or Ci-4alkyl, said Cl-4alkyl 
optionally substituted by 

(1) hydroxy, 

(2) amino, 
30 (3) carboxy, 

(4) -NRloRl 1, wherein Rio and Rn are each 

independendy H, Cl-4alkyl, phenyl or benzyl, 

(5) -ORlO, 

(6) -C(O)ORl0, 
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10 



15 



20 



25 



(7) -S(0) m Rio, where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 

(9 optionally substituted aryl wherein the aryl and 
substituents are as defined above, 

(10) optionally substituted heteroaryl wherein the heteroaryl 

and substituents are as defined above, 

(1 1) optionally substituted C5 or C6 cycloalkyl wherein the 

cycloalkyl and substituents are as defined above, 

(12) optionally substituted hetero C5 or C6 cycloalkyl 

wherein the hetero cycloalkyl and substituents are as 
defined above, 

(d) -C(S)NRgR9, 

(e) -C(0)R9, 

(f) -C(0)OR9, 

(g) -C(S)R9, 

(h) phenyl, 

(i) cyclohexyl, 

such that R4 is present only when side a is a single bond and side b is a 
double bond 



8. 



A compound according to Claim 6 of the formula 

o'„ x Y R2 

> N' Rs 



On 



R 2 



or 



r 4 



wherein 
nisO, 1 or 2. 



9. A compound according to Claim 8 wherein 



nisO, 1 or 2, 
X is selected from CH2 and NH, 
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Rl, R2 and R3 are each independently selected from the group consisting 
of 

(a) hydrogen, 

(b) linear and branched Ci-6alkyl, wherein said C 1-6 alky 1 

5 is optionally mono or di- substituted the substituents being 

independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or C 1 -3alkyl, 
10 (3)-OR6, 

(4) -C(0)OR6, 

(5) -S(0)kR6» where k is 0, 1 or 2, 

(c) hydroxy, 

(d) Cl-6alkoxy; 

15 R4 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(O)NHR0, where R9 is hydrogen or Ci-3a1kyl, said Cl- 
3alkyl optionally substituted by 

(1) hydroxy, 
20 (2) amino, 

(3) carboxy, 

(4) -NR10R1 1 , wherein Rio and R 1 1 are each 

independently Cl-3alkyl, 

(5) -ORiO, 

25 (6)-C(O)ORl0, 

(7) -S(O) m Rl0, where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 

(c) -C(S)NHR Q ; 

(d) Cl-3alkyl; 

30 Rs are each independently selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, 

(c) -C(S)NR8RQ. 

(d) -Ci-3alkyl. 
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5 wherein 

X is selected from CH2, NH and S, 

Rl. R2 and R 3 are each independendy selected from the group consisting 
(a) hydrogen, 

10 (b) Mnear and branched Ci-6alkyl, wherein said Cl-6alkyl 

is optionally mono or di- substituted the substituents being 
independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 
15 hydrogen or Cl-3alkyl, 

(3) -OR6, 

(4) -C(0)OR6, 

(5) -S(0)kR6, where k is 0, 1 or 2, 
(c) hydroxy, 

20 (d) Ci-6alkoxy; 

R4 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or Cl-3alkyl, said Cl- 
3alkyl optionally substituted by 

25 (1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NR10R1 1, wherein Rio and Rl 1 are each 

independendy Ci-3alkyl, 
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(5) -ORlO, 

(6) -C(0)ORlO, 

(7) -S(0) m RlO, where m is 0, 1 or 2, 

(8) halo selected from F, CI, Br and I, 
5 (c) -C(S)NHRo; 

(d) Cl-3alkyl; 
R5 are each independently selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, 
10 (c) -C(S)NR8R9- 

(d) -Cl-3alkyl. 

1 1 . A compound according to Claim 1 0 wherein 

XisCH2, 

15 R 1 , R2 and R3 are each independently is selected from the group 
consisting of 

(a) hydrogen, 

(b) linear and branched C l-6alkyl, said C 1 -6alkyl 

being optionally mono or di- substituted the substituents 
20 being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or C 1-3 alky 1, 

(3) -C(0)R6, and 

25 (4)-S(0)kR6,wherekislbr2, 

(c) hydroxy, 

(d) Ci-6alkoxy; 

R4 is selected from the group consisting of 
(a) hydrogen, 
30 (b) Cl-3alkyl; 

R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9. where R9 is hydrogen or Cl-4alkyl, said 
Ci-4alkyl optionally substimted by 



WO 96/14844 



FCT/US9S/14812 



-258- 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRioRi i, wherein Rio and Ri i are each 
5 independently 

Ci-3alkyl, 

(5) -ORio, 

(6) -C(O)ORl0, 

(7) -SRio, and 

10 (8)-S(0) m Rio,wheremis lor 2, 

(9) halo selected from F, CI, Br and I, 

(c) -C(S)NRgRQ. 

(d) Ci-3alkyl. 

15 12. A compound according to Claim 11 

wherein 

XisCH2, 

Rl and R2 are each selected from the group consisting of 

hydrogen, hydroxy or linear and branched Ci-6alkyl, said 
20 Ci-6alkyl 

being optionally mono or di- substituted the substituents 
being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 
25 hydrogen or Cl-3alkyl, 

(3) -C(0)OR6, and 

(4) -S(0)kR6. where k is 1 or 2, 
R3 is linear and branched Ci-4alkyl, 

R4 is selected from the group consisting of 
30 (a) hydrogen, 

(b) Ci-3alkyl; 
R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or Cl -4alkyl, said 
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Cl-4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

5 (4) -NRloRl 1, wherein RlO and Ri l are each 

independently 
Cl-3alkyl, 

(5) -ORlO, 

(6) -C(O)ORl0, 
10 (7)-SRlO,and 

(8) -S(O) m Rl0. where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 

(c) -C(S)NR8R9- 

(d) Ci-3dkyL 

15 

13. Acompound according to Claim 10 wherein 

Xis -N-, 

Rl, R2 and R3 are each independently is selected from the group 
consisting of 
20 (a) hydrogen, 

(b) linear and branched Cl-6alkyl, said Cl-6alkyl 

being optionally mono or di- substituted the substituents 

being independently selected from 
(1) carboxy, 

25 (2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or Cl-3alkyl, 

(3) -C(0)OR6, and 

(4) -S(0)kR6. where k is 1 or 2, 

(c) hydroxy, 
30 (d) Cl-6alkoxy; 

R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Cl-3alkyl; 

R5 is selected from the group consisting of 
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(a) hydrogen, 

(b) -C(0)NHR9, where Rq is hydrogen or C l-4alkyl, said 
Ci-4alkyl optionally substituted by 

(1) hydroxy, 
5 (2) amino, 

(3) carboxy, 

(4) -NRioRii,whereinRioandRn are each 

independently 
Cl-3alkyl, 

10 (5) -ORio, 

(6) -C(0)ORio, 

(7) -SRio,and 

(8) -S(O) m Ri0, where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 
15 (c) -C(S)NHRq. 

(d) Ci-3alkyl. 



14. A compound according to Claim 1 3 

20 wherein 
X is -N-, 

Rl and R2 are each selected from 

hydrogen, hydroxy or linear and branched Ci^alkyl, said 
Ci-4alkyl 

25 ^8 optionally mono or di- substituted the substituents 

being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or Ci-3alkyl, 
»0 (3) -C(0)OR6, and 

(4) -S(0)kR6, where k is 1 or 2, 
R3 is methyl, 

R4 is selected from the group consisting of 
(a) hydrogen, 
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(b) Cl-3alkyl; 
RS is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or Ci-4alkyl, said 
5 C l -4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 

(3) carboxy, 

(4) -NRloRl 1, wherein RlO and Rl l are each 
10 independently 

Ci-3alkyl, 

(5) -OR10, 

(6) -C(0)ORio, 

(7) -SR10, and 

15 (8) -S(O) m Rl0, where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 

(c) -CSNHR9. 

(d) Ci-3alkyl. 

20 15. Acompound according to Claim 10 wherein 

Xis S, 

Rl and R2 are each independently is selected from the group consisting 
of 

(a) hydrogen, 
25 (b) linear and branched Ci-6alkyl, said Cl-6alkyl 

being optionally mono or di- substituted the substituents 
being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 
30 hydrogen or C l-3alkyl, 

(3) -C(0)OR6, and 

(4) -S(0)kR6, where k is 1 or 2, 

(c) hydroxy, 

(d) Ci-6alkoxy; 
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R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Ci-3alkyl; 

RS is selected from the group consisting of 
5 (a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or C l -4alkyl, said 
Ci-4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 
10 (3) carboxy, 

(4) -NRifjRl 1, wherein Rio and Ri 1 are each 

independently 
Cl-3alkyl, 

(5) -OR10, 

15 (6) -C(0)ORio, 

(7) -SR10, and 

(8) -S(0)mRio, where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 

(c) -C(S)NHR9. 
20 (d) Ci-3alkyl. 



16. A compound according to Claim 15 

wherein 
25 Xis S, 

Rl and R2 are each independently selected from 

hydrogen, hydroxy or linear and branched Cl-6alkyl, said 

Cl-6alkyl 

being optionally mono or di- substituted the substituents 
30 being independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or Ci-3alkyl, 

(3) -C(0)OR6, and 
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(4) -S(0)kR6, where k is 1 or 2, 
R4 is selected from the group consisting of 
(a) hydrogen, 
0>) Cl-3alkyl; 
5 R5 is selected from the group consisting of 

(a) hydrogen, 

(b) -C(0)NHR9, where R9 is hydrogen or Cl-4alkyl, said 
Cl_4alkyl optionally substituted by 

(1) hydroxy, 
10 (2) amino, 

(3) carboxy, 

(4) -NRioRn, wherein Rio and Ri 1 are each 

independently 
Ci-3alkyl, 

15 (5)-ORlO, 

(6) -C(O)ORl0, 

(7) -SR10, and 

(8) -S(O) m Rl0, where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 
20 (c) -CSNHR9. 

(d) Ci-3alkyl. 

17. A compound according to Claim 6 of the formulae 



ICY 'I s YT 



1 a J b I a.l h 

R4 Rsa or ° 4 Rsa 



25 wherein p is 0, 1 or 2; and 

R3 and the ring formed by the joining of Ri and R2 are optionally mono 
or di-substituted with substituents selected from the group consisting of 
(1) hydroxy, 
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(2) carboxy, 

(3) -NR6R7, where R6 and R7 are each selected from 

hydrogen, phenyl, cyclohexyl or Cl-6alkyl, 

(4) -OR6, 

(5) -C(0)OR6, 

(6) -S(0) k R6. 

(7) halo selected from F, CI, Br and I, 

(8) -C(=NR6)-NHR7, 

(9) -S-C(s:NR6)-NHR7. 

18. A compound according to Claim 17 having cis 
stereochemistry at the ring junction, said compound having the formula 




wherein p is 1 or 2, and 
15 R3 and the ring formed by the joining of Ri and R2 are optionally mono 
or di-substituted with substituents selected from the group consisting of 

(1) hydroxy, 

(2) carboxy, 

(3) -NR6R7, where R6 and R7 are each selected from 
20 hydrogen, phenyl, cyclohexyl or Ci-6alkyl, 

(4) -OR6, 

r (5) -C(0)OR6, 

(6) -S(0)kR6, 

(7) halo selected from F, CI, Br and I, 
25 (8) -C(=NR6)-NHR7, 

(9>S-C(=NR6)-NHR7. 



19. A compound according to Claim 18 wherein 
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R3 is selected from 

hydrogen, hydroxy or linear and branched Ci-4alkyl, said 
Cl-4alkyl, 

optionally mono or di- substituted the substituents being 
5 independently selected from 

(1) carboxy, 

(2) -NHR7, wherein R6 and R7 are each independently 

hydrogen or Ci-3alkyl, 

(3) -C(0)OR6, and 

10 (4) -S(0)kR6. where k is 1 or 2; 

R4 is selected from the group consisting of 

(a) hydrogen, 

(b) Cl-3alkyl; 

RS is selected from the group consisting of 
15 (a) hydrogen, 

(b) -C(0)NHR9, where Ro is hydrogen or C l -4alkyl, said 
Ci-4alkyl optionally substituted by 

(1) hydroxy, 

(2) amino, 
20 (3) carboxy, 

(4) -NRioRl 1, wherein RlO and Ri 1 are each 

independently 
Cl-3alkyl, 

(5) -ORlO, 

25 (6) -C(O)ORi0, 

(7) -SRlO, and 

(8) -S(O) m Rl0. where m is 1 or 2, 

(9) halo selected from F, CI, Br and I, 

(c) -C(S)NR8R9- 
30 (d) Cl-3alkyl. 

20. A compound of Claim 1 selected from 

(aa) 1 - Aza-2-imino-cyclopentane hydrochloride, 

(ab) l-Aza-2-imino-3-methylcyclopentane hydrochloride, 



PCTAJS95/14812 



-266- 

(ac) l-Aza-2-imino-5-methylcyclopentane hydrochloride, 

(ad) l-Aza-2-methylamino-l-cyclopentene hydrochloride, 

(ae) l-Aza-2-ethylamino-l-cyclopentene hydrochloride, 

(af) l-Aza-2-ben2ylamino-l-cyclopentene hydrochloride, 

(ag) l-Aza-2-cyclohexylamino-l-cyclopentene 
hydrochloride, 

(ah) l-Aza-2-methoxycarbonylmethylamino-l-cyclopentene 
hydrochloride, 

(ai) l-Aza-2-((3,4-dihydroxyphenyl)ethyl)amino-l- 

cyclopentene hydrochloride, 
(aj) 1 -Aza-2,2-dimethylamino- 1 -cyclopentene 

hydrochloride, 
(ak) 2-Iminopiperidine hydrochloride, 
(al) l-A2a-2-methylamino-l-cyclohexene hydrochloride, 
(am) l-Aza-2-emylammo-l-cycIohexene hydrochloride, 
(an) ^A2a-2-dimemylamino-l-cyclohexene hydrochloride, 
(ao) 2-Imino-3-methylpiperidine hydrochloride, 
(ap) 2-Imino-4-methylpiperidine hydrochloride, 
(aq) 2-Imino-4-propylpiperidine hydrochloride, 
(ar) 2-Imino-4-benzylpiperidine hydrochloride, 
(as) 2-Imino-5-methylpiperidine hydrochloride, 
(at) 2-Immo-5,5-climemylpiperidine hydrochloride, 
(au) 2-Immo-3,5-dimethylpiperidine hydrochloride, 
(av) l-Aza-2-iminocycloheptane hydrochloride, 
(aw) l-Aza-2-memylamino-l-cycloheptene hydrochloride, 
(ax) l-Aza-2-emylamino-l-cycloheptene hydrochloride, 
(ay) l-Aza-2-dimemylamino-l-cycloheptene hydrochloride, 
(az) l-Aza-2-benzylamino-l-cycloheptene hydrochloride, 
(bb) l-Aza-2-cyclohexylamino-l-cycloheptene 

hydrochloride, 
(be) l-Aza-2-iminocyclooctane hydrochloride, 

(bd) 1 - Aza-2-methylamino- 1 -cyclooctene hydrochloride, 

(be) l-Aza-2-emylanuno-l-cyclooctene hydrochloride, 

(bf) l-Aza-2-ber^lamino-l-cyclooctene hydrochloride, 
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(bg) l-A2a-2-methylamino-l-cyclononene hydrochloride, 

(bh) 3,4-Dihydro-2-aminoquinoline hydrochloride, 

(bi) 3,4-Dihydro-2-methylaminoquinoline hydrochloride, 
(bj) 3,4-Dihydro-2^thylaminoquinoline hydrochloride, 
(bk) 3,4-Dihydro-2-benzylaminoquiiioline hydrochloride, 
(bl) 3,4-Dihydro-2-cyclohexylaminoquiiioline 

hydrochloride, 
(bm) 3,4-Dihydro-2-dimethylaminoquinoline 
hydrochloride, 

(bn) 4-Ethoxycarbonyl-2-imino-piperazine hydrochloride, 
(bo) 5-(S)-2-Imino-l-aza-bicyclo(3.3.0)octane, 
(bp) 2-Imino-l-aza-bicyclo(4.3.0)nonane, 
(bq) cw^,6-Dimethyl-2-imino-piperidine, acetic acid salt, 
(or) 2-Imino-4-methyl-piperidine, acetic acid salt, 
(bs) 6-Ethyl-2-imino-4-methyl-piperidine, acetic acid salt, 
(bt) 4-Iminc-5-cir-methyl-3-azabicyclo [4.3.0] nonane, 
hydrochloride, 

(bu) cw-5-AminomethyM,6Klimethyl-2-imtoo-piperidine, 

dihydrochloride, 
(bv) cw-3-Ethyl-2-imino-4-methyl-piperidine, 

hydrochloride, 
(bw) c«-2-Imino-4-methyl-3-n-propyl-piperidine, 

hydrochloride, 
(bx) ci'j and rranj-2-Imino-4-methyl-piperidine-5- 

carboxylic acid, acetic acid salt, 
(by) cis and rra^2-Imino-4-methyl-piperidine-5-carboxylic 

acid, methyl ester, acetic acid salt, 
(bz) cis and rranj5-Acetamidomethyl-2-imino-4-methyl- 

piperidine, acetic acid salt, 

(cc) 2-Imino-5-n-propyloxy-piperidine, acetic acid salt, 

(cd) cis and rranj5-Acetanndo-2-imino-4-methyl- 

piperidine, acetic acid salt, 

(ce) 5^yclohexyl-2-imino-piperidine, acetic acid salt, 
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(cf) cis and /ran55-CycIohexyl-2-imino-4-methyl- 
piperidine, acetic acid salt, 

(eg) 2-Imino-5-trifluoro-piperidine, 

(eh) 2-Iminc-5-ethyl-4-methylpyrrolidine hydrochloride, 
(ci) 2-Imino-4-methylpyrrolidine hydrochloride, 

(cj) 2-Imino-4-ethylpyrrolidine hydrochloride, 
(ck) 2-Iinino^,5-dimethylpyrrolidine hydrochloride, 
(cl) 2-Iinino-4-methyl-5-propylpyrrolidine hydrochloride, 
(cm) 2-Imino-5-methyl-4-propylpyrrolidine hydrochloride, 
(cn) 2-Imino-5-ethyl-4-propylpyrrolidine hydrochloride 
(co) 2-Iinino-5-ethyl.3-methylpyrrolidine hydrochloride, 
(cp) 2-Iimno-5,5-dimethylpyrrolidine hydrochloride, 
(cq) 2-Immo-3,5,5-trimethylpyrrolidine hydrochloride 
(cr) 2-Imino-4-ethyl-5-methylpyrrolidine hydrochloride, 
(cs) 2-Imino-4-propylpyrrolidine hydrochloride, 
(ct) 2-Iinino-4-(2-methyl-ethyl)pyrrolidine hydrochloride, 
(cu) 2-Iinino-4-phenylpyrrolidine hydrochloride, 
(cv) 2-Imino-3,4-dimethylpyrrolidine hydrochloride, 
(cw) 2-Imino-4-ethyl-3-methylpyrrolidine hydrochloride, 
(cx) 2-Immo-5-memyl^propylpyrrolidine hydrochloride, 
(cy) 2-Imino-3-a2abicyclo(4.3.0)nonane hydrochloride, 
(cz) 2-Imino-3-azabicyclo(3.3.0)octane hydrochloride, 

(dd) 2-Imino-3-methylpyrrolidine hydrochloride, 

(de) 2-Imino-5-methylpyrrolidine hydrochloride, 

(df) 2-Iinmo-5-(S)-acetyloxyme%lpyrrolidine 

hydrochloride, 

(dg) 2-Iinmo-5-(R)-acetyloxymethylpyrrolidine 

hydrochloride, 

(dh) 2-Immo-5-(S)-hydroxymemylpyrrolidiiie 

hydrochloride, 

(di) 2-Imino-5-(R)-hydroxymethylpyrrolidine 

hydrochloride, 

(dj) 2-Imino-4(S)-methoxy-5(S)-methyl-piperidine, 
hydrochloride, 
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(dk) 2-Imino-5(S)-hydroxy-4(S)-methyl-piperidine, 
hydrochloride, 

(dl) 4(S),5(R)-I^ethyl-2-iniino-piperidine hydrochloride, 
(dm) 4(R),5(S)-Dimemyl-2-immo-piperidine hydrochloride, 
(dn) 4(S),5(S)-Dimethyl-2-imino-piperidine hydrochloride, 
(do) 4(R),5(R)-Dimethyl-2-imino-piperidine hydrochloride, 
(dp) cw-Decahydro-2-iminoquinoline hydrochloride, 
(dr) cw-2-Immo-4-memyl-decahydroquinoline 

hydrochloride, 
(ds) trans-Decahydro-2-iminoquinoline hydrochloride, 
(dt) 4(R)-Memyl-2-iminopiperidine hydrochloride, 
(du) 4(S)-Methyl-2-iminopiperidine hydrochloride, 
(dv) 5(R)-Methyl-2-iminopiperidine hydrochloride, 
(dw) 5(S)-Memyl-2-iminopiperidine hydrochloride, 
(dx) 3-Iminothiomorpholine hydrochloride, 
(dy) 2-Iminopiperazine hydrochloride, 
(dz) 2-Imino-decahydro-ciJ-quinoxaline, and 
(ee) 2-Imino-decahydro-trans-quinoxaline. 

21 . A compound of Claim 1 selected from 

(aa) 2-Imino-4-methylpyrrolidine hydrochloride, 

(ab) 2-miino-4-emylpyrrolidine hydrochloride, 

(ac) 2-Imino-4,5-dimethylpyrrolidine hydrochloride, 

(ad) 2-Imino-4-memyl-5-propylpyrrolidine hydrochloride, 

(ae) 2-Imino-5-methyl-4-propylpyrrolidine hydrochloride, 

(af) 2-Imino-5-ethyl-4-propylpyrrolidine hydrochloride, 

(ag) 2-Imino-5-ethyl-3-methylpyrrolidine hydrochloride, 

(ah) 2-Immo-5,5-dimethylpyrrolidine hydrochloride, 

(ai) 2-Immo-3,S,S-trimethylpyrrolidine hydrochloride, 
(aj) 2-Imino-4-ethyl-5-methylpyrrolidine hydrochloride, 
(ak) 2-Immo-4-propylpyrrohdine hydrochloride, 

(al) 2-Imino-4-(2-methyl-ethyl)pynx)lidine hydrochloride, 
(am) 2-Imino-4-phenylpyrrolidine hydrochloride, 
(an) 2-Imino-3 ,4-dimethylpyrrolidine hydrochloride, 
(ao) 2-Imino-4-ethyl-3-methylpyrrolidine hydrochloride, 
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(ap) 2-Imino-5-methyl-4-propylpynx>Udine hydrochloride, 
(aq) 2-Imino-3-azabicyclo(4.3.0)nonane hydrochloride, 
(ar) 2-Imino-3-azabicyclo(3.3.0)octane hydrochloride, 
(as) 2-Imino-3-methylpyrroUdine hydrochloride, 
(at) 2-Imino-5-methylpyrrolidine hydrochloride, 
(au) 2-Iminc-5-(S)-acetyloxymethylpyrrolidine 
hydrochloride, 

(av) 2-Imino-5-(R)-acetyloxymethylpyrrolidine 
hydrochloride, 

(aw) 2-Imino-5-(S)-hydroxymethylpyrrolidine 
hydrochloride, 

(ax) 2-Imino-5-(R)-hydroxymethylpyirolidine 
hydrochloride, 

(ay) 5-Ethyl-2-imino-4-methyl-piperidine, acetic acid salt, 

(az) 2-Iir^cH^methyl-5-(l-pentyl)-piperidine, acetic acid 
salt, 

(bb) 4(R)-Methyl-2-iminopiperidine hydrochloride, 
(be) 4(S)-Methyl-2-iminopiperidine hydrochloride,' 

(bd) 5(R)-Methyl-2-iminopiperidine hydrochloride, 

(be) 5(S)-Methyl-2-iminopiperidine hydrochloride, 

(bf) 4(S)^(R)-Dimethyl-2-imino-piperidine hydrochloride, 

0>g) 4(R),5(S)-Dimethyl-2-imino-piperidine hydrochloride, 

0>h) 4(S),5(S)-Dimethyl-2-imino-piperidine hydrochloride,' 

(bi) 40i),5(R>Dimethyl-2-imino-piperidine hydrochloride 

(bj) 2-Imiiio-5(S)-methoxy^(S>methyl-piperidine 
hydrochloride, 

(bk) 2-Imino-5(S)-hydroxy-4(S>methyI-piperidine 
hydrochloride, 

(bl) 2-Imino-5(S)-methoxy-4(R>methyl-piperidine 
hydrochloride, 

(bm) 2-In±io-5(S)-hydroxy-4(R)-methyl-piperidine 
hydrochloride, 

(bn) 2-Imino-5(S>acetyloxy-4(R)-methyl-piperidine 
hydrochloride, 
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(bo) 2-Imino-3(S),4(R)-0-isopropylidene-5(R)-acetyloxy- 
piperidine hydrochloride, 

(bp) 2-Imino-3(S),4(R),5(R)-triacetyloxy-piperidine 
hydrochloride, 

(bq) cw-Decahydro-2-iminoquinoline hydrochloride, 
(br) franj-Decahydro-2-iminoquinoline hydrochloride, 
(bs) 4(S)-Methyl-4a(S),7a(S)-perhyciro-2-imino- 1 -pyrindine 
hydrochloride, 

(bt) 4(R)-Methyl-4a(R),7a(R)-perhydro-2-imino-l- 
pyrindine hydrochloride, 

(bu) 4(S)-Methyl-4a(S),8a(S)-decahydro-2-iminoquinoline 
hydrochloride, 

(bv) 4(R)-Methyl-4a(R),8a(R>decahydro-2-iminoquinoline 
hydrochloride, 

(bw) 2-Imino-octahydro-quinolin-6(5H)-one-6-ethylene 
ketal hydrochloride, 

(bx) 2-Imino-octahydro-quinolin-6(5H)-one hydrochloride, 
(by) 2-Imino-6-acetyloxy-cis-decahydroquinoline 
hydrochloride, 

(bz) 2-Imino-6-hydroxy-cu-decahydroquinoline 
hydrochloride, 

(cc) 2-Imino-5-methoxy-cis-perhydn>-pyrindene 
hydrochloride, 

(cd) 2-imiiK>-5-hydroxy-cis-perhydrc~pyrindene 
hydrochloride, 

(ce) 2-Imino-5-hydroxy-4a-methyl-trans-(4a,8a)- 
decahydroquinoline hydrochloride, 

(cf) 2-Imino-5-fluoro-5-methyl-cis-(4a,8a)- 
decahydroquinoline hydrochloride, 

(eg) 5-Acetoxy-2-imino-cis-(4a,8a)-decahydroquinoline 
hydrochloride, 

(ch) 5-Hydroxy-2-in±io-cis-(4a,8a)-decahydroquinoline 
hydrochloride, 

(ci) 2-Imino-octahydroquinolin-7(8H)-one-7-ethylene ketal 
hydrochloride, 

(cj) 2-Imino-octahydro-quinolin-7 (8H)-one hydrochloride, 
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(ck) 7-Acetyloxy-2-imino-trans-(4a,8a)-decahydroquinoline 
hydrocWoride, 

(cl) 7-Hydroxy-2-imino-trans-(4a t 8a)-decahydroquinoUne, 
acetic acid salt, 

(cm) 7-Acetyloxy-2-imino-decahydroquinoline, acetic acid 
salt, 

(cn) 2-Imino-3-Methyl-octahydro-cis-pyrano/4,J-£ ]- 
pyridine hydrochloride, 

(co) 2-Immo-4-memyl-octahydro-pyrano/<3-^;pyridine 
hydrochloride, 

(cp) 2-Imino-4-Methyl-l,3,4,5 l 7,8-hexahydro-pyranoM5- 
fc/pyridine, acetic acid salt, 

(cq) 2-Imino-l-methyl-piperidine hydrochloride, 

(cr) N-(l-Benzyl-2-piperidinylidene)-N , -(phenyl)-urea, 

(cs) N-(2-Piperidinylidene>N'-(phenyl)-urea 

(ct)N-[l-(4-Methoxybenzyl)-2-piperidinylidene]-N'- 
(phenyl)-urea, 

(cu) 2-Iimno-l-(beii2ylainmocarbonyl)-piperidine, 
(cv) Cij-Octahydro-3-imino-2H-l,4-beiizoxa2ine 
hydrochloride, 

(cw) 2-Iminopiperazine hydrochloride, 

(cx) 4-Methyl-2-iminopipera2ine hydrochloride, 

(cy) 2-Immo-decahydro-cis-quinoxaline dihydrochloride, 

(cz) 2-Immo-decahydro-rranj-quinoxaline dihydrochloride, 

(da) 4-6VI^emyl-2-iinmo-piperazme hydrochloride, 

(db) 2-Imino-4-methyl^-(2-methylpropyl)-5-oxo- 
piperazine hydrochloride. 

(dc) 4-Benzyloxycarbonyl-2-imino-(U,3,4)tetrahydro- 
quinoxaline hydrochloride, 

(dd) 4-Acetyl-2-iimno-(l,2,3,4)tetrahydro-quinoxaline 
hydrochloride, 

(de) 2-hnmo-4-methyl-decahydro-/ro^-quinoxaline, acetic 
acid salt, 

(df) 3-Iminothiomorpholine hydrochloride, 
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(dg) 3-Imino-5-propy 1-thiomorpholine , 

(dh) 3-Imino-5-methyl-thiomorpholine, 

(di) 3-Imino-5-ethyl-thiomorpholine, 
(dj) 3-Imino-S-butyl-thiomorpholine, 

(dk) 3-Imino-5 (S)- (2-methyl propyl>thiomorpholine, 

(dl) 3-Imino-5(R)-(2-methyl propyl)-thiomorpholine, 

(dm) 1 -(rm-Butoxycarbonyl)-hexahydro-3-imino-( l//> 1 ,4- 

diazepine hydrochloride, 

(dn) Hexahydro-2-imino- ( 1 H)- 1 ,4-diazepine 

dihydrochloride, 

(do) Hexahydro-2-imino-5-methyH Iff)- 1 ,4-diazepine 
dihydrochloride. 

(dp) Hexahydro-2-imino-4-methyl-( \H)- 1 ,4-diazepine 
hydrochloride, 

(dq) 3-Amino-hexahydro-2-imino-(lfO-azepine 
dihydrochloride, 

(dr) (5>3-Amino-2-iminopiperidine dihydrochloride, 
(ds) Hexahydro-3-imino-l,4-oxazepine hydrochloride, 
(dt) Hexahydro-3-imino-l,4-thiazepine hydrochloride, 
(du) Hexahyfro-3-iinino-5-propyl-(l//)- 1 ,4-diazepine 
dihydrochloride, 

(dv) Hexahydro-3-imino-5-methyl-( 1 H)- 1 ,4-diazepine 
dihydrochloride, 

(dw) 2-Imino-decahyaro-cis-l,4-benzo(e)diazepine 
dihydrochloride, 

(dx) 2-Imino-decahydro-3H-benz(e)azepine 
hydrochloride, 

(dy) Trans-Octahydro-3-iimno-2H-l,4-benzthiazine, acetic 
acid salt, 

(dz) 2-Iminc-5(6H)-oxa-c«-hexahydro-( 1 H)-quinoline 
hydrochloride, and 

(ea) 2-Imino-4-methyl-5(6H>oxa-c«-hexahydro-(lH)- 
quinoline hydrochloride. 
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(eb) (2-Imino-decahydro-cis-3H-benz(e)azepin 
hydrochloride, 

(ec) Tram-Octahydro-3-imino-2H-l,4-benzthiazine, acetic 
acid salt, 

(ed) Cis-Octahydro3-imino-2H- 1 ,4-benzthiazine, acetic 
acid salt, 

(ee) 2-Iminc-5(6H)-oxa-cw-hexahydro-(lH)-quinoline 
hydrochloride, 

(ef) 2-Iminc^4-methyl-5(6H)-oxa-c«-hexahydro-(lH)- 
quinoline hydrochloride, and 

(eg) 2-Imino-decahydro- trans- 1 ,4-benzo(e)diazepine 
dihydrochloride. 



22. A pharmaceutical composition for treating a nitric 

15 oxide synthase mediated disease comprising a pharmaceutical carrier and 
a non-toxic effective amount of the compound accrding to claim 1 . 

23. A pharmaceutical composition for treating a nitric 
oxide synthase mediated disease comprising a pharmaceutical carrier and 

20 a non-toxic effective amount of the compound accrding to claim 17. 

24. A method for inhibiting the activity of nitric oxide 
synthases comprising adnunistering to a subject suffering from a nitric 
oxide synthase mediated disease, a non-toxic therapeutically effective 

25 amount of the compound of Claim 1 . 
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